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Consistency checkingAbstract The excellence of a Sudanese universities and academic staff member can be effectively
classiﬁed by systematic and objective design criteria, which participates in developing the learning
outcomes in Sudan. In the ﬁrst phase of this study, we reviewed the literatures, determined and
deﬁned the suitable quantitative and qualitative criteria and then designed & exploited pairwise
comparison and evaluation forms through a survey to get experts opinions/preference on the eval-
uation criteria that are used to measure the universities and academic staff performance. This paper
presents a fuzzy logic computational model based on this survey to measure and classify the perfor-
mance of Sudanese universities and academic staff, which includes computation of criteria weights
and overall evaluation of Sudanese universities and academic staff using AHP and TOPSIS tech-
niques.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Throughout the last three decades, there has been signiﬁcant
growth in the total number of universities and high
educational institutes in Sudan. The total number was raised
from 11 institutes in 1980s to more than 127 higher educationinstitutes in 1990s & 2000s (Ministry of Higher Education,
2016). Fig. 1 represents the total numbers of different types
of institutes and the growth rate of public & private
universities with Bar chart and Combo chart respectively.
This considerable increase requires contiguous scientiﬁc
research in performance assessment to assist the following
entities:
- High Education institutes to match up their current quali-
ﬁcations versus the standard requirements and plan for
future improvement.
- Applicants & Students’ Parents to make out the differences
between institutes and ﬁgure out the best higher education
institutes.ic staﬀ.
Figure 1 Statistical Info about Sudanese higher education institutions (Institution types and universities growth rate).
Figure 2 Quality classiﬁcation model for performance evalua-
tion of Sudanese universities and academic staff.
2 M.K. Yousif, A. Shaout- Ministry of higher education in Sudan to observe and keep
track of the required standards and maintain future plans.
Currently, organization and funding systems at universities,
in general, have considerably changed. The social necessity
dominates the classical activities of teaching and research
(Etzkowitz, 2003). Getting universities and academic staff eval-
uation in line with the changes in the university system has
become a main concern especially in Sudan and in many other
countries around the world.
Decision of quality classiﬁcation in performance evaluation
of Sudanese universities and academic staff is based on quan-
titative and qualitative criteria which involve not only data but
also human judgment. Therefore, performance evaluation and
academic staff classiﬁcation could be considered as a MCDM
(Multiple Criteria Decision Making) problem.
There are many fuzzy related appraisal techniques in the lit-
erature such as Analytic hierarchy process (AHP). AHP is a
quantitative technique for ranking decision alternatives using
various criteria (Russell et al., 2003; Shaout and Yousif,
2014). Structuring the alternatives into a hierarchical frame-
work is the AHP technique to resolve complex decisions. How-
ever, due to uncertainty in the decision-maker’s judgment,
pair-wise comparison, a crisp with a traditional AHP may be
incompetent to completely get the decision-maker’s judgment.
Hence, fuzzy logic is introduced into the pair-wise comparison
in the AHP to overcome this weakness in the traditional AHP.
It is referred to as fuzzy AHP (FAHP) (Ayag˘, 2005; Shaout
and Yousif, 2014).
Fuzzy Technique for Order Preference by Similarity to
Ideal Solution (FTOPSIS) is another technique of the multi-
criteria decision making (MCDM) technique that is widely
employed to solve MCDM problems (Shaout and Yousif,
2014). TOPSIS technique is based on the concept that the
selected alternative is the shortest geometric distance to the
positive ideal solution and the longest geometric distance to
the negative ideal solution (Akkoc¸ and Vatansever, 2013;
Chen, 2000).Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpThe multistage fuzzy logic inference has been proposed in
order to decrease the number of fuzzy rules for compound sys-
tems (Shaout and Trivedi, 2013). Besides input and output
variables, intermediate variables are adopted in fuzzy rules
to mirror human knowledge. The major beneﬁt of using a mul-
tistage structure is that the number of fuzzy rules will onlyl model for performance evaluation of Sudanese Universities and academic staﬀ.
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membership functions. The Fuzzy based Multifactorial evalu-
ation technique is presented to deliver a synthetic assessment
of an object relative to an objective in a fuzzy decision environ-
ment that has many factors (GMeenakshi, 2012). More tech-
niques descriptions, concepts and key beneﬁts are shown in
the Appendix A Table 32.
Fuzzy Analytic Hierarchy Process (FAHP) (Saaty, 1980;
Yu and Bai, 2010) is an effective instrument to deal with
MCDM because of its clarity in concept. The problem is rear-
ranged into a hierarchy of simple and understandable sub-
problems. The hierarchy comprises of goal layer, criteria layer,
and alternative layer. A survey to get experts opinions/prefer-
ence on the evaluation criteria that are used to measure the
universities and academic staff performance has been designed
and conducted. Then, the pairwise comparisons were used to
compute the relative weights of the notes in each group.
Finally, the importance of alternatives to the ﬁnal goal was
acquired.
In a majority of problems in real-life, only part of the deci-
sion data can be precisely measured. The fuzziness and uncer-
tainty existing in many of these problems may participate in
vague judgments of decision makers in traditional AHP tech-
niques (Bouyssou et al., 2000). Hence, several researchers
(Boender et al., 1989; Buckley, 1985; Chang, 1996;
Laarhoven and Pedrycz, 1983; Lootsma, 1997; Ribeiro,
1996) have examined the fuzzy AHP and presented evidence
that fuzzy AHP technique shows reasonably enough descrip-
tion of these kind of decision making processes compared to
the classical AHP techniques.
Membership functions (MFs) are the fundamental blocks
of fuzzy set theory. The choice of MF depends on the nature
of problem at hand. MFs can take values between 0 & 1.
The selection of MFs inﬂuences how well fuzzy systems
approximate functions. The most common fuzzy sets (MFs)
are triangles, trapezoids, and Gaussian bell curves (Mitaim,
1996). A comparison has been made among the predicted data
using different membership functions. The MF has been
selected based on minimum error in prediction of data. It
has been observed that triangulated MF has been given mini-
mum error (Manal et al., 2012). Barua et al. (2014) provide a
theoretical explanation of the practical success of triangular
membership functions. We used triangular MF in this paper
since it is simpler to implement and fast in computation
(Pedrycz, 1994; Barua et al., 2014).
Taking into consideration the huge number of universities
and academic staff (alternatives) to be evaluated and classiﬁed
in this study, we integrated FAHP with Fuzzy TOPISIS in
order to improve, simplify the evaluation process and get the
ﬁnal result. This integration has been introduced and applied
in a verity of areas (Torﬁ et al., 2010; Yang et al., 2009;
Dag˘deviren et al., 2009; Shaout and Yousif, 2014).
In this paper, nine main criteria and forty-one sub criteria
will be identiﬁed, considered and weighted as performance
evaluation criteria for Sudanese high academic institutes. Fur-
thermore, three levels of academic staff evaluation criteria will
be identiﬁed, considered and weighted. The ﬁrst level consists
of six criteria, the second level consist of twenty-seven criteria
and the last level consists of ﬁfty criteria.
Classiﬁcation model for performance evaluation of
Sudanese university and academic staff will be developedPlease cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpand proposed. It consists of all steps required such as consis-
tency check, aggregation, approximation and ranking.
The consistency of judgment that is carried out by experts/
participants during a series of pairwise comparison methods
represents a key evaluation issue to the reliability of the ulti-
mate output (performance evaluation). This study presents a
solution based on a Fuzzy Consistency Algorithm (FCA)
(Shaout and Yousif, 2014) to check and evaluate the consis-
tency level of expert’s judgment. The new algorithm proposes
a consistent preference linguistic value(s) as an option to the
experts in case of inconsistency judgment in evaluation perfor-
mance. Based on the proposed algorithm, the research intro-
duces a new tool that allows experts to trace and understand
the roots of inconsistency and select the relevant consistent
option(s). The algorithm allows the degree of consistency to
be conﬁgured by the user. The study also applies the proposed
algorithm to the performance evaluation of Sudanese universi-
ties as an empirical study. Finally, ﬁfteen higher education
institutes (10 public universities & 5 private universities) were
ranked using the proposed hybrid computational model. Then,
the model result was compared with the previous admission
results for 2014/2015 & 2015/2016, which were prepared by
the General Administration for Admissions, Degree Evalua-
tions & Veriﬁcation in Sudan.
This paper is organized as follows: Section 1 introduces
statistical info about Sudanese higher education institutions
growth. Preliminary arithmetical operation on interval is
introduced in Section 2. Section 3, presents the classiﬁcation
model for performance evaluation of Sudanese universities
and academic staff. The proposed evaluation criteria is pre-
sented in Section 4. Section 5 presents the application of
fuzzy analytic hierarchy process & FTOPSIS on universities
& academic staff performance evaluation. The data collection
and consistency analysis for individual expert views (both off-
line & online algorithm) is explained in Section 6. Sections 7
and 8 present the aggregation of group decisions and fuzzy
preferences approximation. Section 9 presents the ﬁnal rank-
ing technique. Model testing is presented in Section 10. Anal-
ysis & observations and Conclusion are presented in Sections
11 and 12.
2. Preliminary
The preliminary arithmetical operations on intervals, normal-
ization approach, and deﬁnition of TFN (Triangular Fuzzy
Number) and its relevant calculations for TOPSIS are
explained in these deﬁnitions:
Deﬁnition 1 Kaufmann and Gupta, 1991. For any
x1; x2; y1; y2 2 R; where x1 < x2; y1 < y2 Let x ¼ ½x1; x2 and
y ¼ ½y1; y2 be two + ve interval numbers. The athematic
interval can be presented as follows:
xþ y ¼ ½x1 þ x2; y1 þ y2; x y ¼ ½x1  x2; y1  y2;
xy ¼ ½x1x2; y1y2; x=y ¼ ½x1=x2; y1=y2:
Deﬁnition 2 Kaufmann and Gupta, 1991. Let ~a ¼ ða1; a2; a3Þ
and ~b ¼ ðb1; b2; b3Þ be two triangular number fuzzy numbers,
then the vertex method is deﬁned to calculate the distance
between them as follows:l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Figure 3 Process workﬂow of the classiﬁcation model.
4 M.K. Yousif, A. ShaoutPlease cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computational model for performance evaluation of Sudanese Universities and academic staﬀ.
Journal of King Saud University – Computer and Information Sciences (2016), http://dx.doi.org/10.1016/j.jksuci.2016.08.002
Performance Evaluation of Sudanese Universities and Academic Staff 5dð~a; ~bÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
3
½ða1  b1Þ2 þ ða2  b2Þ2 þ ða3  b3Þ2
r
:
Deﬁnition 3 (Chakraborty and Yeh, 2007; Chakraborty and
Yeh, 2009; C¸elen, 2014). Vector normalization: In this proce-
dure, each rating of the decision matrix is divided by its norm.
The normalized value rij is obtained by
rij ¼ ðxijÞ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃXm
i¼1
x2ij
s,Figure 4 Hierarchical framework of performanc
Figure 5 Hierarchical framework of performa
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attribute Cj. This procedure has the advantage of converting
all attributes into dimensionless measurement unit, thus mak-
ing inter-attribute comparison easier.3. Classiﬁcation model for performance evaluation of Sudanese
universities & academic staff
In this model, we use two methods, the Fuzzy AHP and fuzzy
TOPISIS methods. In each method, several techniques aree evaluation criteria for Sudanese universities.
nce evaluation criteria for academic Staff.
l model for performance evaluation of Sudanese Universities and academic staﬀ.
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Table 1 Triangular Fuzzy scale (TFN values).
SR Statement TFN
1 Absolute – more important (2/9, 1 /4, 2/7)
2 Very strong – more important (2/7, 1/3, 2/5)
3 Fairly strong – more Important (2/5, 1/2, 2/3)
4 Weak – more important (2/3, 1, 3/2)
5 Equal (1, 1, 1)
6 Weak – less important (2/3, 1, 3/2)
7 Fairly strong – less important (3/2, 2, 5/2)
8 Very strong – less Important (5/2, 3, 7/2)
9 Absolute – less important (7/2, 4, 9/2)
6 M.K. Yousif, A. Shaoutadapted and represented as shown in the general Model in
Fig. 2. The techniques are used as follows:
 FAHP is used to construct the Sudanese universities and
academic staff performance evaluation system and to deter-
mine the relative weights of the system criteria.
 Fuzzy TOPSIS is used to obtain the ﬁnal rank of Universi-
ties & Academic staff.
In general, evaluating the universities performance and aca-
demic staff involves the following steps:
(i) Construct the performance evaluation system for uni-
versities & academic staff by identifying the overall goal
(top level) and evaluation criteria/elements (lower level)
that impact the overall goal. Then select the scale
method and structure the decision hierarchy from the
decision goal.
(ii) Construct a set of pairwise comparison matrices and
design a survey to get experts opinions/preference on
the evaluation criteria that are used to measure the uni-
versities and academic staff performance.
(iii) Check and analyze the consistency of the individual
experts’ responses.
(iv) Aggregate the consistent views.
(v) Approximate the fuzzy priorities and obtain the criteria
weights.
(vi) Sort the relative distance of the alternative solutions to
the ideal solution as a ranking process.
(vii) Finally, perform model testing.
The importance of a fuzzy method is to set the relative
precedence of measures with fuzzy numbers rather than crisp
numbers so that the experts’ subjective views could be
reﬂected. Details of the fuzzy method will be explained in the
following sections.Figure 6 Pairwise comparison for strategic planning criterion
with other criteria in the same level with respect to Institutional
frame work criterion.
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
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This section presents the process workﬂow of the proposed
classiﬁcation model in swim lane diagram (i.e. functional
band) where all related tasks are visually explained. The
responsibilities were deﬁned and shared between universities,
ministry of higher education (business owner) and experts as
shown in Fig. 3.
3.2. Process description
The following is the process description for each process in the
process workﬂow shown in Fig. 3:
1. Deﬁne Project: In this stage, the administrator needs to
deﬁne a project name, year, etc. Several types of projects
or several projects with the same type could be deﬁned.
2. Deﬁne Alternatives: It allows the administrator to spec-
ify the alternatives for a speciﬁc related project.
3. Deﬁne Criteria: It allows you to deﬁne criteria and sub
criteria for a related speciﬁc project.
4. Pairwise Comparisons Template: It allows you to deﬁne
the pairwise comparison template for each level of
criteria.
5. Create Evaluation Forms Template: This stage lets you
deﬁne the evaluation forms of the template according to
the concerned bottom criteria and alternatives for a
related speciﬁc project.
6. Deﬁne Scales: This process allows you to deﬁne a suit-
able fuzzy scale for each template. It contains the lin-
guistic values and related fuzzy triangular numbers.
7. Project Initiation: Project initiation process allows the
business owner to initiate the project by deﬁning the
experts/participants in order to start the process, send
and get the evaluation feedback.
8. Criteria Comparison Feedback: This stage gets the indi-
vidual evaluation preference feedback for criteria using
the related linguistic values.
9. Conversion to TFN: The system engine converts linguis-
tic value to Fuzzy triangular number as speciﬁed in the
scale.
10. Consistency Checking: System engine utilizes the pro-
posed algorithm in sections (7.1 to 7.4) to validate the
consistency of the expert’s preference and provides con-
sistent options.l model for performance evaluation of Sudanese Universities and academic staﬀ.
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sistent expert feedback with the option of using different
types of aggregation methods.
12. Fuzzy Preferences Approximation: This process consists
of several steps which are explained in Section 8.2.
13. Weight Calculation: All criteria weight are calculated
and saved per each level.
14. Bottom Weight Calculation: Only the bottom criteria
are recalculated and saved.
15. Alternative Evaluation Feedback: This stage gets the
individual evaluation preference feedback for alterna-
tives using the related linguistic values. This process
could be started immediately after the initiation process
(i.e. that means after the initiation process both pro-
cesses 8 & 15 could be stared simultaneously).
16. Deﬁne Alternative Comparison Matrix: The system
engine construct a matrix between alternatives and
related bottom criteria.
17. Alternatives Feedback Aggregation: It aggregates expert
feedback with the option of using different types of
aggregation methodsFigure 7 Shows the part of fe
Figure 8 Shows comparison matrix of sub criteria of institutional fra
result (for responder #25).
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
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matrix will be normalized and weighted with weight
obtained in the process (in step 14).
19. Deﬁne FNIS & FPIS: It calculates the fuzzy negative
ideal solutions and fuzzy positive ideal solution for each
bottom criteria.
20. Distance from Ideal Solutions: In this stage, the alterna-
tives’ distances from both negative and positive ideal
solutions will be calculated.
21. Closeness to Ideal Solution (Ranking): In this process,
the engine system calculates the closeness to ideal solu-
tion for each alternative and accordingly ranks the
alternatives.
4. The proposed evaluation criteria
As outcomes from the literature review, two sets of criteria
were deﬁned. The ﬁrst one is for university performance eval-
uation and the other one is for academic staff performance
evaluation.1. Strategic  
P lanning 1 1 1 1.5 2 2.5 0.67 1 1.5 1 1 1 0.29 0.33 0.4
2. V is io n 0.4 0.5 0.67 1 1 1 1 1 1 0.29 0.33 0.4 0.29 0.33 0.4
3. M issio n 0.67 1 1.5 1 1 1 1 1 1 0.29 0.33 0.4 0.29 0.33 0.4
4. Go als and 
Object ives 1 1 1 2.5 3 3.5 2.5 3 3.5 1 1 1 1 1 1
5. Operat io n pla 2.5 3 3.5 2.5 3 3.5 2.5 3 3.5 1 1 1 1 1 1
1. Strategic 
Planning
2. Vision 3. Mission 4. Goals and  
Objecves
5. Operaon plans
edback for responder #25.
mework criteria and consistency checking calculation process and
l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Figure 9 Aggregation of experts’ Judgments (AIJ Method).
8 M.K. Yousif, A. Shaout4.1. University performance evaluation criteria
These criteria are part of the national standards directory of
quality assurance for higher Education in Sudan which was
established by the Evaluation and Accreditation Corporation
(EVAC) in the Ministry of Higher Education and Scientiﬁc
Research (Ministry of Higher Education, 2016; Yousif and
Shaout, 2016a). The nine factors/criteria and related sub-
factors/criteria are listed in table format in Appendix B
(Table 33) and structured as AHP in Fig. 4. The following is
a brief description of each criteria:
 Institutional Frame Work (UC1): This factor is used as an
indicator for institute identiﬁcation, programs, activities
and roles in the society. Any development for the educationPlease cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpinstitute should consider and start from the institutional
frame work. Institutional frame work includes the following
sub criteria: strategic planning, vision, mission, goals &
objectives and operational plans.
 Governance & Administration (UC2): This factor deﬁnes
and controls the institution. It includes the following sub
criteria: rules and regulations, organizational and func-
tional structures, boards, committees, leadership, external
relation and ﬁnancial resources & management.
 Infrastructure & Services (UC3): It is one of the most
importance tools that help the institution to perform several
functions and achieve the organization mission. This factor
consists of the following sub criteria/factors: sites & spaces,
Facilities and equipment, university services, structure of
information and communication technology.l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
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role in preparing and executing the policy and plan of insti-
tution. It comprises the human resources management, aca-
demic staff and helping frames.
 Students & Graduates (UC5): Students and graduate fac-
tors are some of the most important inputs and outputs
of the educational process. It includes the following sub cri-
teria: Admission and Registration, Student Affairs Admin-
istration and graduates.
 Teaching and Learning Resources (UC6): This factor
includes academic programs, curriculums, academic advis-
ing/counseling, academic evaluation for students, libraries,
electronic libraries, laboratories, workshops and centers of
educational technologies.
 Scientific Research and Graduate Studies (UC7): It includes
administration of scientiﬁc, research, funding of scientiﬁc
research, marketing of scientiﬁc research, administration
of graduates studies, admission supervision & evaluation
of postgraduate’s students and postgraduate programs.
 Community Service (UC8): One of the important roles of
the education institution is relationship and services that
are provided to the community. It includes the following
sub-criteria: management of community service and com-
munity service programs.
 Quality Management (UC9): This factor concerns the
availability of procedures that can ensure the compliance
of the requirements and standards. This factor includes
the following sub criteria: quality management and quality
management programs.4.2. Academic staff performance evaluation criteria
As outcomes from the literature review, six main criteria were
deﬁned for academic staff evaluation (Yousif and Shaout,
2016a; ). The following are the summary of these cri-
teria and related sub criteria as listed in the table format in
Appendix B (Table 34) and structured as AHP in Fig. 5.
 Excellence in Research and Scientific Activities (AC1): This
criterion includes sub criteria such as publications,
qualities of research, invitation to lecturer in important con-
ferences, participation in postgraduate thesis examination
& discussion and membership in editorial boards of the
journal.
 Teaching Quality (AC2): Teaching quality evaluates the
teaching aspects such as ability to cover different materials
efﬁciently, commitment to academic work, academic
counseling and ofﬁce hours, teaching attitude, teaching
advance courses and designing teaching programs and
syllabi.
 Service & Administration (AC3): This criterion evaluates all
related administration services such as participation in
faculty technical committees, taking part on managerial
roles and participation in the scientiﬁc community in
Sudan.
 Knowledge Transfer/Exchange and Engaging Communities
Performance (AC4): This criterion assesses the activities
& collaboration with public groups, application of knowl-
edge to improve business/industry/commerce, enhancing
the quality of life for community and involvement of pro-
jects supported by faculty/university.Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), http Student Feedback (AC5): Students evaluate academic staff
in the following area: teaching capabilities and preparation
for lecture, material contribution in the scientiﬁc achieve-
ment of students, content of material and relationship with
students.
 Peers Feedback (AC6): Peers evaluate the academic staff in
the course content, delivery and teaching methods, learning
environment, collaboration and professionalism.
5. Application of FAHP & FTOPSIS to universities & academic
staff performance evaluation
The proposed classiﬁcation model in the prior section (Fig. 2)
is exploited to build a structured technique for organizing and
analyzing complex decisions as shown in Figures ures2 and 3.
In our case study, the various elements/criteria are evaluated
by comparing them to each other two at a time, with respect
to their impact on a criterion above them in the hierarchy.
For example, we compare the (UC11: Strategic Planning) cri-
terion with the following criteria (UC12: Vision), (UC13: Mis-
sion), (UC14: Goals and Objectives) and (UC15: Operational
Plans) with respect to (UC1: Institutional Frame- work) crite-
rion as shown in Fig. 6. Similar comparisons were designed
and executed for all criteria at several levels using the related
linguistic values, which will be converted into triangular fuzzy
numbers as indicated in the scale in Table 1 (Tolga et al.,
2005).6. Data collection
Appropriate set of criteria of universities and academic staff
evaluation were incorporated in pairwise comparisons and
evaluation survey. Fig. 6 shows a sample of one level of com-
parison equations and related answer sheet. Forty-four ques-
tionnaires survey out of seventy were returned. Removing
inconsistent questionnaire, we were left with thirty-ﬁve consis-
tent questionnaires after consistency checking as shown in the
table below.l
:/Distributed Questionnairesmodel for performance evaluation of Sudanese Universities and academ
/dx.doi.org/10.1016/j.jksuci.2016.08.00270Returned 46Returned Percentage 66%Consistent Returned 35Consistent Returned Percentage 76%6.1. Consistency analysis for individual expert views
The consistency of judgment that is performed by
responders/experts during a chain of pairwise comparison
methods considers a key evaluation issue to the reliability of
the ﬁnal performance evaluation output. Sometimes the
experts/participants are not able to express consistent prefer-
ences in case of several criteria. In our case, most of the layers
have several criteria. Within this study, out of 46 responses,
there were 11 responses which were excluded from the study.
In addition of checking and analyzing the experts’
judgments after receiving the responses, we have proposed anic staﬀ.
10 M.K. Yousif, A. Shaoutalgorithm to detect the inconsistency in the experts’ judgments.
The proposed algorithm also provide consistency options.
6.1.1. Off-line consistency checking
In order to verify a reliable excellence level of each judgment,
the responses were analyzed and a consistency ratio (CR)
(Saaty, 1995) was calculated and checked for each individual
expert’s responses. The consistency ratio (CR) is described as
the ratio between the consistency of a given evaluation matrix
(CI: consistency index) and the consistency of a random
matrix. Hence, we included only responses that meet the con-
dition (CR<= 0.1). As (Saaty, 1980), we can approximate CR
via k max as follows:
CI ¼ ðkmax nÞ=ðn 1Þ and CR ¼ CI=RC 6 01:0
All the pairwise comparison judgments of respondents that
exceed the tolerable level of (0.1) are excluded from further
analysis.
In this study, Excel was selected to be our smart auto con-
sistency checking tool, where a group of functions are devel-
oped to check the comparison consistency and aggregate the
consistent judgments.
The following steps are the arithmetic operation used to
check the consistency of experts’ views (Yousif and Shaout,
2016b):
1. Based on the scale, convert the experts preference from lin-
guistic variable into numerical interval (i.e. Fuzzy Triangu-
lar Number: FTN) using Excel function such as
[=IF(X = 1, 0.22), IF(X = 2, 0.29), IF(X = 3, 0.4), IF
(X = 4, 0.67), IF(X = 5, 1),
2. IF(X = 6, 0.67), IF(X = 7, 1.5), IF(X = 8, 2.5), IF(X = 9,
3.5, 0)]
Where X is cell to locate the numeric value of the linguistic
value.
3. Sum up each column of the reciprocal matrix and divide
each element of the matrix with the sum of its column (nor-
malize relative weight).
4. Average across the rows to obtain Principal Eigen vector
(priority vector).
5. Obtain principle Eigen value (k) by adding of products
between each element of Eigen vector and the sum of col-
umns of the reciprocal matrix (from step2).
6. Calculate consistency Index (CI): CI ¼ ðkmaxnÞ=ðn 1Þ
where n is Judgment matrix order/dimension.
7. Calculate consistency ratio (CR): CR ¼ CIRI where RI is
Random Index.
8. Defuzzify the TFN and compare the output crisp value
with 0.1 (if result <=0.10 then acceptable level of
inconsistency).Example. This example demonstrates consistency checking
process of pairwise judgment response of comparing the sub-
criteria of the Institutional framework criterion. Fig. 7 is an
actual response (#25) from an expert for these equations:
‘‘How important is Strategic planning when it is compared
with Vision, Mission, Goals and Objectives & Operational
Plans”. ‘‘How important is Vision when it is compared with
Mission, Goals and Objectives & Operational Plans” and so on.Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpThe expert indicates his preferences among those sub criteria
through off-line survey using predeﬁned linguistic values. In
order to accept this response in our further evaluation
processes, we have to examine the consistency degree. In
Fig. 8, the comparison matrix is constructed and linguistic
values are converted into fuzzy triangular numbers as a ﬁrst
step, then column summation and normalization, etc. As ﬁnal
stage, the consistency ratio is calculated and found that the
expert’s preference is consistent. (i.e. CR <=0.1). Excel
functions and predeﬁned formula are used in the calculations
to simplify the process.
The same checking is done for all responders judgments.
24% of the total responses are excluded from further evalua-
tion process due to inconsistency in comparison evaluation.
6.1.2. On-line consistency checking fuzzy consistency algorithm
(FCA)
One of the challenges that we faced in analyzing the surveyed
data is the inconsistency of pairwise comparison in experts’
responses for both university and academic staff criteria eval-
uation. The cause of the inconsistency is that the experts/par-
ticipants are frequently not able to express consistent
preferences in case of several criteria. Since it is not easy to
allow the expert to redo the evaluation again which will cost
effort and time, the inconsistent evaluations will be removed
from the evaluations.
Hence, a new Fuzzy Consistency Algorithm (FCA) will be
introduced to examine the inconsistency level of expert’s judg-
ment on-line. The new algorithm proposes a consistent prefer-
ence linguistic value(s) as an option to the experts in the case of
inconsistency judgment. Also, it allows experts to trace and
understand the roots of inconsistency in evaluation perfor-
mance. Generally this algorithm works as inconsistency detec-
tion. The details of the algorithm are explained in Yousif and
Shaout (2016b).
7. Aggregation of group decisions
As the second step after checking each individual pairwise
comparison response of Sudanese universities and academic
staff evaluation criteria and excluding/revising the inconsistent
judgments, we need to aggregate the consistent fuzzy compar-
isons matrices. Since each individual matrix is the assessment
of one expert (i.e. decision maker), aggregation is essential to
achieve a group consensus of experts. There are two basic
methods for aggregating the individual preferences into a
group preference: aggregating of individual Judgments (AIJ)
and Aggregating of individual priorities (AIP) (forman and
Peniwati, 1998). In AIJ method, the aggregated/group com-
parison matrix is founded from the individual comparison
matrices. The aggregated matrix is reﬂected as comparison
matrix of a new expert (i.e. new individual) and the priorities
of this expert are obtained as group solution.
In the AIP method, the experts act individually. Initially,
the individual priorities are obtained from individual compar-
ison matrices and then the group priorities are derived from
these matrices, based on the degree of complexity of the
required fuzzy arithmetic operations and whether experts share
common values and working for the same organization.
Forman and Peniwati (1998) stated that AIJ is the most oftenl model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
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normally performed utilizing the athematic mean operations.
How do we select the more precise method for aggregating?
In our case study, the more precise methods are the AIJ
where the experts work for the same organization (HE) and
share the same values. Due to inhomogeneous responses (i.e.
wide range of upper and lower bandwidths), it is better to
exclude the Min and Max algorithms (Chang et al., 2009) to
combine evaluations of different decision makers. Instead,
we used the geometric mean (lij) which is generally used in
the AHP aggregation group (Davies, 1994).
lij ¼
YK
k¼1
lijk
 !1
K
; mij ¼
YK
k¼1
mijk
 !1
K
; uij ¼
YK
k¼1
uijk
 !1
K
where (lijk, mijk, uijk) is the fuzzy evaluation of sample mem-
ber’s k (k= 1, 2. . .K).
For example, we take one node in the hierarchy (UC1) and
aggregate six consistent individual judgments responses by cal-
culating the geometric mean as shown in Fig. 9. Say the
lij ¼ 0:54 (i.e. Cell E40) is output of aggregating Cells (E4,
E11, E18, E25, E32) by calculating the geometric mean of these
values (1.00, 0.29, 1.00, 0.40, 0.40). mij ¼ 0:61 (i.e. Cell F40)
and uij ¼ 0:71 (i.e. Cell G40). Hence the aggregated judgment
for six responders between strategic planning and vision is as
follows (0.54, 0.61, 0.71).
8. Fuzzy preferences approximation
After aggregated consistent decisions in one combined results,
we need to estimate the preferences/priorities using synthetic
extent analysis by (Chang, 1996). The Fuzzy synthetic extent
value Si with respect to the ith criterion is deﬁned as:
Si ¼
Xm
j¼1
Mjgi 
Xn
i¼1
Xm
j¼1
Mjgi
 !1
where gi are the goals and M
j
gi
represent TFNs of decision
matrix with i= 1, 2. . .n and j= 1, 2. . .m
The fuzzy preference approximation is done using the fol-
lowing steps:
Step 1: In the combined comparison matrix, we need to sum
each row of the matrix (i.e. fuzzy addition operation) and a
new Fuzzy triangular number will be produced.Pm
j¼1M
j
gi
¼ ðPmj¼1lj;Pmj¼1mj;Pmj¼1ujÞ where l is the lower limit
value, m is the most promising value and u is the upper value.
Step 2: Compute fuzzy addition operation of Mjgi (j= 1, 2,
3. . .m) values
Xn
i¼1
Xm
j¼1
Mjgi ¼
Xn
i¼1
li;
Xn
i¼1
mi;
Xn
i¼1
ui
 !
Then ﬁnd the inverse of the above equation
Xn
i¼1
Xm
j¼1
Mjgi
 !1
¼ 1
Xn
i¼1
ui
,
; 1
Xn
i¼1
mi
,
; 1
Xn
i¼1
li
, !
Step 3: Determine the intersections points by comparing
each couple (i.e. membership value / degree of possibility).
The minimum degree of possibility for a speciﬁc criterion is
the weight of that criterion.l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Table 3 Evaluation of the sub criteria of institutional framework (UC1).
UC11 UC12 UC13 UC14 UC15
UC11 (1,1,1) (1.41,1.64,1.85) (1.09,1.32,1.56) (1.18,1.32,1.44) (0.72,0.8,0.9)
UC12 (0.54,0.61,0.71) (1,1,1) (1.39,1.52,1.62) (0.85,0.92,1) (0.6,0.7,0.83)
UC13 (0.64,0.76,0.92) (0.6,0.66,0.72) (1,1,1) (0.78,0.92,1.08) (0.55,0.7,0.9)
UC14 (0.69,0.76,0.85) (1,1.08,1.19) (0.92,1.08,1.29) (1,1,1) (0.77,0.87,1)
UC15 (1.11,1.25,1.39) (1.2,1.43,1.67) (1.11,1.43,1.81) (1,1.15,1.3) (1,1,1)
Table 4 Evaluation of the sub criteria of governance & administration (UC2).
UC21 UC22 UC23 UC24 UC25 UC26 UC27
UC21 (1,1,1) (1.18,1.32,1.44) (1,1.21,1.44) (1,1.32,1.7) (0.73,0.87,1.02) (1.51,2,2.54) (0.92,1.15,1.41)
UC22 (0.69,0.76,0.85) (1,1,1) (0.72,0.92,1.18) (0.78,0.92,1.08) (0.56,0.64,0.75) (0.93,1.21,1.59) (0.67,0.8,0.98)
UC23 (0.69,0.82,1.01) (0.85,1.08,1.39) (1,1,1) (0.79,1,1.28) (0.65,0.8,1) (1.54,1.89,2.26) (0.83,1,1.2)
UC24 (0.59,0.76,1) (0.92,1.08,1.29) (0.79,1,1.28) (1,1,1) (0.59,0.76,1) (1.19,1.52,1.91) (0.59,0.76,1)
UC25 (0.99,1.15,1.35) (1.33,1.55,1.79) (1,1.25,1.54) (1,1.32,1.7) (1,1,1) (1.53,2,2.58) (0.92,1.15,1.41)
UC26 (0.39,0.5,0.67) (0.62,0.82,1.09) (0.43,0.53,0.65) (0.51,0.66,0.85) (0.37,0.5,0.66) (1,1,1) (0.6,0.8,1.09)
UC27 (0.71,0.87,1.09) (1.02,1.25,1.51) (0.83,1,1.2) (1,1.32,1.7) (0.71,0.87,1.09) (0.92,1.25,1.68) (1,1,1)
Table 5 Evaluation of the sub criteria of infrastructure & services (UC3).
UC31 UC32 UC33 UC34
UC31 (1, 1, 1) (1.09, 1.32, 1.56) (0.93, 1.09, 1.28) (0.72, 0.95, 1.27)
UC32 (0.64, 0.76, 0.92) (1, 1, 1) (0.9, 1.08, 1.28) (0.91, 1.05, 1.2)
UC33 (0.79, 0.91, 1.07) (0.78, 0.93, 1.11) (1, 1, 1) (0.72, 0.88, 1.09)
UC34 (0.79, 1.05, 1.39) (0.83, 0.95, 1.09) (0.92, 1.13, 1.39) (1, 1, 1)
Table 6 Evaluation of the sub criteria of human resources
(UC4).
UC41 UC42 UC43
UC41 (1, 1, 1) (0.69, 0.82, 0.99) (0.84, 0.96, 1.1)
UC42 (1.01, 1.21, 1.46) (1, 1, 1) (1.45, 1.78, 2.17)
UC43 (0.91, 1.04, 1.19) (0.46, 0.56, 0.69) (1, 1, 1)
Table 7 Evaluation of the sub criteria of students & graduates
(UC5).
UC51 UC52 UC53
UC51 (1, 1, 1) (1.31, 1.59, 1.84) (2.36, 2.88, 3.4)
UC52 (0.54, 0.63, 0.77) (1, 1, 1) (1.84, 2.08, 2.31)
UC53 (0.29, 0.35, 0.43) (0.44, 0.48, 0.54) (1, 1, 1)
12 M.K. Yousif, A. ShaoutSay M1 ¼ ðl1;m1; u1Þ;M2 ¼ ðl2;m2; u2Þ are two TFNs, the
degree of possibility of M2 ¼ ðl2;m2; u2ÞPM1 ¼ ðl1;m1; u1Þ
is deﬁned as
VðM2 PM1Þ ¼ sup
yPx
½minðlM1ðxÞ; lM2ðyÞÞ
where lM1ðxÞ and lM2ðyÞ are membership functions of the x, y
values on the axis of membership function for each criterion.
It can also be equally stated as follows:
VðM2 PM1Þ ¼ hgtðM2\M1 Þ ¼ lM2 ðdÞ ¼
1 if m2 P m1
0 if l1 P u2
l1u2
ðm2u2Þðm1l1 Þ otherwise
8><
>: where d
is the ordinate of the highest intersection point D between
lM1 and lM2 .Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpStep 4: The degree of possibility for a convex fuzzy number
to be greater than k convex Miði ¼ 1 . . . kÞ can be deﬁned by
VðM P M1 . . . M1Þ ¼ V½ðM P M1Þ and ðM P M2Þ and
. . . and ðMPMkÞ ¼ minV½ðMPMiÞ where i ¼ 1; . . . ; k:
Assume that, we calculate the minimum degree possibility
dðAiÞ as dðAiÞ ¼ minVðSi P SkÞ where k ¼ 1; 2; . . . ; n and
k– i
Then the weight vector is W = ðdðA1Þ; dðA2Þ; . . . ; dðAnÞÞT
Where Aiði ¼ 1; 2; . . . ; nÞ are n elements:
Step 5: Normalize the weighs for all criteria which represent
the ﬁnal weights (i.e. importance degree/ priorities weight) for
criteria or alternatives in the hierarchy level.
Empirical Example: (Part I - Criteria Weights): Let us take
the same aggregated comparison matrix in as shown in Table 4
and calculate the weights of the main performance evaluation
criteria for Sudanese universities.
From the comparison matrix, the summation of fuzzy tri-
angular numbers of (UC1: Institutional framework) compared
with other criteria is as follows:
Xm
j¼1
Mjgi ¼
Xm
j¼1
lj;
Xm
j¼1
mj;
Xm
j¼1
uj
¼ ½ð1:0000þ 1:4173þ 0:9640þ :9311þ 1:0142
þ 0:7300þ 0:7543þ 1:1430þ 0:7930Þ; ð1:000
þ 1:6406þ 1:1699þ 1:1009þ 1:1471þ 0:8535
þ 1:0000þ 1:4241þ 0:8880Þ; ð1:0000þ 1:9065
þ 1:4170þ 1:3035þ 1:3007þ 0:9921þ 1:3304
þ 1:7744þ 1:0110Þ
¼ ð8:7469; 10:2241; 12:0365Þl model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Table 8 Evaluation of the sub criteria of teaching & learning resources (UC6).
UC61 UC62 UC63 UC64 UC65 UC66 UC67 UC68 UC69
UC61 (1,1,1) (1.08,1.15,1.2) (1,1.15,1.3) (1,1.15,1.3) (1.2,1.43,1.67) (0.92,1.15,1.41) (0.92,1,1.08) (0.79,1,1.28) (1.11,1.43,1.81)
UC62 (0.83,0.87,0.92) (1,1,1) (1.19,1.52,1.91) (0.92,1,1.08) (1.33,1.55,1.79) (0.92,1.15,1.41) (0.92,1,1.08) (0.92,1.15,1.41) (1.02,1.25,1.51)
UC63 (0.77,0.87,1) (0.52,0.66,0.85) (1,1,1) (0.92,1.15,1.41) (0.92,1.08,1.29) (1.1,1.52,2.07) (0.71,0.87,1.09) (0.94,1.25,1.64) (0.83,1,1.2)
UC64 (0.77,0.87,1) (0.92,1,1.08) (0.71,0.87,1.09) (1,1,1) (1.31,1.64,2.04) (1.02,1.43,1.97) (1.02,1.25,1.51) (1.13,1.55,2.11) (0.93,1.32,1.87)
UC65 (0.6,0.7,0.83) (0.56,0.64,0.75) (0.78,0.92,1.08) (0.49,0.61,0.76) (1,1,1) (0.61,0.8,1.06) (0.52,0.66,0.85) (0.73,1,1.38) (0.85,1.06,1.32)
UC66 (0.71,0.87,1.09) (0.71,0.87,1.09) (0.48,0.66,0.92) (0.51,0.7,0.98) (0.94,1.25,1.64) (1,1,1) (0.99,1.15,1.35) (1.42,1.64,1.88) (1.29,1.52,1.76)
UC67 (0.92,1,1.08) (0.92,1,1.08) (0.92,1.15,1.41) (0.67,0.8,0.98) (1.19,1.52,1.91) (0.74,0.87,1.02) (1,1,1) (1.54,1.89,2.26) (1.29,1.52,1.76)
UC68 (0.79,1,1.28) (0.71,0.87,1.09) (0.61,0.8,1.06) (0.48,0.64,0.88) (0.73,1,1.38) (0.53,0.61,0.7) (0.44,0.53,0.65) (1,1,1) (1.19,1.32,1.47)
UC69 (0.55,0.7,0.9) (0.67,0.8,0.98) (0.83,1,1.2) (0.54,0.76,1.08) (0.76,0.94,1.18) (0.57,0.66,0.78) (0.57,0.66,0.78) (0.68,0.76,0.85) (1,1,1)
Table 9 Evaluation of the sub criteria of scientiﬁc research & graduate studies (UC7).
UC71 UC72 UC73 UC74 UC75 UC76
UC71 (1,1,1) (0.64,0.79,1) (0.88,1,1.14) (0.88,1,1.14) (0.58,0.69,0.84) (0.58,0.69,0.84)
UC72 (1,1.26,1.55) (1,1,1) (0.88,1,1.14) (1.74,2,2.24) (0.77,1,1.31) (0.77,1,1.31)
UC73 (0.88,1,1.14) (0.88,1,1.14) (1,1,1) (1.19,1.44,1.74) (1.04,1.44,1.99) (1,1.26,1.55)
UC74 (0.88,1,1.14) (0.43,0.5,0.58) (0.58,0.69,0.84) (1,1,1) (0.77,1,1.31) (0.74,0.79,0.88)
UC75 (1.19,1.44,1.74) (0.77,1,1.31) (0.51,0.69,0.97) (0.77,1,1.31) (1,1,1) (0.64,0.79,1)
UC76 (1.19,1.44,1.74) (0.77,1,1.31) (0.64,0.79,1) (1.14,1.26,1.36) (1,1.26,1.55) (1,1,1)
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Table 10 Evaluation of the sub criteria of community service
(UC8).
UC81 UC82
UC81 (1, 1, 1) (1.15, 1.44, 1.77)
UC82 (0.57, 0.69, 0.87) (1, 1, 1)
Table 11 Evaluation of the sub criteria of quality manage-
ment (UC9).
U91 U92
U91 (1, 1, 1) (0.84, 0.96, 1.1)
U92 (0.91, 1.04, 1.19) (1, 1, 1)
14 M.K. Yousif, A. ShaoutSimilarly, the result of applying addition operation of TFN
for comparing the (UC2: Governance & Administration) crite-
rion with other criteria is equal to (7.7539, 9.0391, 10.5834)
Comparing (UC3: Infrastructure & Services) criterion with
other criteria is equal to (8.4198, 9.6798, 11.1205)
Comparing (UC4: Human Resources) criterion with other
criteria is equal to (10.8157, 12.3518, 13.9347)
Comparing (UC5: Students & Graduates) criterion with
other criteria is equal to (8.0271, 9.2022, 10.6382)
Comparing (UC6: Teaching and Learning Resources) crite-
rion with other criteria is equal to (9.5631, 11.0843,
12.8765)Table 12 Evaluation of the main criteria of academic staff with res
AC1 AC2 AC3
AC1 (1,1,1) (0.63,0.71,0.82) (1.29,1.73,2.29)
AC2 (1.22,1.41,1.58) (1,1,1) (1.29,1.73,2.29)
AC3 (0.44,0.57,0.77) (0.44,0.57,0.77) (1,1,1)
AC4 (0.63,0.71,0.82) (0.54,0.57,0.63) (0.67,1,1.5)
AC5 (0.37,0.5,0.66) (0.37,0.5,0.66) (1.22,1.41,1.58)
AC6 (0.52,0.71,1) (0.44,0.57,0.77) (0.82,1,1.22)
Table 13 Evaluation of the sub criteria of excellence in research an
AC11 AC12 A
AC11 (1,1,1) (0.54,0.57,0.63) (
AC12 (1.58,1.73,1.87) (1,1,1) (
AC13 (0.44,0.57,0.77) (0.44,0.57,0.77) (
AC14 (0.82,1,1.22) (0.44,0.57,0.77) (
AC15 (0.54,0.57,0.63) (0.82,1,1.22) (
Table 14 Evaluation of the sub criteria of teaching quality (AC2).
AC21 AC22 AC23
AC21 (1,1,1) (1,1,1) (0.67,1,1.5)
AC22 (1,1,1) (1,1,1) (1,1.41,1.94)
AC23 (0.67,1,1.5) (0.52,0.71,1) (1,1,1)
AC24 (0.67,1,1.5) (0.67,1,1.5) (0.67,1,1.5)
AC25 (0.44,0.57,0.77) (0.44,0.57,0.77) (0.54,0.57,0.6
AC26 (0.82,1,1.22) (0.82,1,1.22) (0.82,1,1.22)
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpComparing (UC7: Scientiﬁc Research and Graduate Stud-
ies) criterion with other criteria is equal to (7.0598,
8.2803, 9.8448)
Comparing (UC8: Community Service) criterion with other
criteria is equal to (5.8799, 6.7714, 7.9648)
Comparing (UC9: Quality Management) criterion with
other criteria is equal to (7.0375, 8.0294, 9.2906)
Then we need to ﬁnd ðPni¼1Pmj¼1MjgiÞ1 ¼ ð1=Pni¼1ui;
1=
Pn
i¼1mi; 1=
Pn
i¼1liÞ ¼ ð1=ð12:0365þ 10:5834þ    þ 9:2906Þ;
1=ð10:2241þ 9:0391þ    þ 8:0294Þ; 1=ð8:7469þ 7:7539þ   
þ7:0375ÞÞ ¼ ð1=98:2894; 1=84:6626; 1=73:3041Þ
Now, we need to calculate the fuzzy synthetic extent, which
is deﬁned as Si ¼
Pm
j¼1M
j
gi
 ðPni¼1Pmj¼1MjgiÞ1
Hence, the Fuzzy synthetic extent value SUC1 with respect to
the Institutional framework criterion is deﬁned as:
SUC1 ¼ ð8:7469; 10:2241; 12:0365Þ
 ð1=98:2894; 1=84:6626; 1=73:3041Þ
¼ ð0:089; 0:121; 0:164Þ
The Fuzzy synthetic extent value SUC2 with respect to the
Governance & Administration criterion is deﬁned as:
SUC2 ¼ ð7:7539; 9:0391; 10:5834Þ
 ð1=98:2894; 1=84:6626; 1=73:3041Þ
¼ ð0:079; 0:107; 0:144Þpect to goal.
AC4 AC5 AC6
(1.22,1.41,1.58) (1.53,2,2.6) (1,1.41,1.94)
(1.58,1.73,1.87) (1.53,2,2.6) (1.29,1.73,2.29)
(0.67,1,1.5) (0.63,0.71,0.82) (0.82,1,1.22)
(1,1,1) (1,1.41,1.94) (0.82,1,1.22)
(0.52,0.71,1) (1,1,1) (0.63,0.71,0.82)
(0.82,1,1.22) (1.22,1.41,1.58) (1,1,1)
d scientiﬁc activities (AC1).
C13 AC14 AC15
1.29,1.73,2.29) (0.82,1,1.22) (1.58,1.73,1.87)
1.29,1.73,2.29) (1.29,1.73,2.29) (0.82,1,1.22)
1,1,1) (0.67,1,1.5) (0.52,0.71,1)
0.67,1,1.5) (1,1,1) (0.82,1,1.22)
1,1.41,1.94) (0.82,1,1.22) (1,1,1)
AC25 AC26 AC27
(0.67,1,1.5) (1.29,1.73,2.29) (0.82,1,1.22)
(0.67,1,1.5) (1.29,1.73,2.29) (0.82,1,1.22)
(0.67,1,1.5) (1.58,1.73,1.87) (0.82,1,1.22)
(1,1,1) (1.87,2,2.12) (0.82,1,1.22)
3) (0.45,0.5,0.54) (1,1,1) (0.37,0.5,0.66)
(0.82,1,1.22) (1.53,2,2.6) (1,1,1)
l model for performance evaluation of Sudanese Universities and academic staﬀ.
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Table 15 Evaluation of the sub criteria of service & administration (AC3).
AC31 AC32 AC33 AC34
AC31 (1,1,1) (1,1,1) (0.63,0.71,0.82) (0.54,0.57,0.63)
AC32 (1,1,1) (1,1,1) (0.63,0.71,0.82) (1,1,1)
AC33 (1.22,1.41,1.58) (0.82,1,1.22) (1,1,1) (1.58,1.73,1.87)
AC34 (1.58,1.73,1.87) (0.54,0.57,0.63) (0.54,0.57,0.63) (1,1,1)
Table 16 Evaluation of the sub criteria of knowledge transfer (AC4).
AC41 AC42 AC43 AC44
AC41 (1,1,1) (0.63,0.71,0.82) (0.54,0.57,0.63) (0.44,0.57,0.77)
AC42 (1.22,1.41,1.58) (1,1,1) (1,1,1) (0.52,0.71,1)
AC43 (1.58,1.73,1.87) (1,1,1) (1,1,1) (0.52,0.71,1)
AC44 (1.29,1.73,2.29) (1,1.41,1.94) (1,1.41,1.94) (1,1,1)
Table 17 Evaluation of the sub criteria of students feedback (AC5).
AC51 AC52 AC53 AC54
AC51 (1,1,1) (1.22,1.41,1.58) (1.58,1.73,1.87) (1,1.41,1.94)
AC52 (0.63,0.71,0.82) (1,1,1) (1.87,2,2.12) (1,1.41,1.94)
AC53 (0.54,0.57,0.63) (0.45,0.5,0.54) (1,1,1) (0.67,1,1.5)
AC54 (0.52,0.71,1) (0.52,0.71,1) (0.67,1,1.5) (1,1,1)
Table 18 Evaluation of the sub criteria of peers feedback (AC6).
AC61 AC62 AC63 AC64
AC61 (1,1,1) (1,1,1) (0.82,1,1.22) (0.82,1,1.22)
AC62 (1,1,1) (1,1,1) (0.82,1,1.22) (0.82,1,1.22)
AC63 (0.82,1,1.22) (0.82,1,1.22) (1,1,1) (1,1,1)
AC64 (0.82,1,1.22) (0.82,1,1.22) (1,1,1) (1,1,1)
Table 19 Evaluation of the sub criteria of teaching capability (AC51).
AC511 AC512 AC513 AC514 AC515 AC516
AC511 (1,1,1) (0.84,1,1.19) (0.54,0.63,0.77) (0.43,0.55,0.74) (0.64,0.79,1) (0.49,0.55,0.64)
Ac512 (0.84,1,1.19) (1,1,1) (1,1.26,1.55) (0.74,0.79,0.88) (0.88,1,1.14) (0.88,1,1.14)
AC513 (1.31,1.59,1.84) (0.64,0.79,1) (1,1,1) (0.77,1,1.31) (1,1,1) (1,1,1)
AC514 (1.36,1.82,2.36) (1.14,1.26,1.36) (0.77,1,1.31) (1,1,1) (1.15,1.59,2.11) (1.15,1.59,2.11)
AC515 (1,1.26,1.55) (0.88,1,1.14) (1,1,1) (0.48,0.63,0.88) (1,1,1) (0.88,1,1.14)
AC516 (1.55,1.82,2.06) (0.88,1,1.14) (1,1,1) (0.48,0.63,0.88) (0.88,1,1.14) (1,1,1)
Table 20 Evaluation of the sub criteria of material contribution (AC52).
AC521 AC522 AC523 AC524 AC525 AC526 AC527
AC521 (1,1,1) (1,1.26,1.55) (0.74,0.79,0.88) (0.48,0.63,0.88) (0.54,0.63,0.77) (0.54,0.63,0.77) (0.49,0.55,0.64)
AC522 (0.64,0.79,1) (1,1,1) (1,1.26,1.55) (1,1.26,1.55) (0.58,0.69,0.84) (0.66,0.69,0.74) (0.66,0.69,0.74)
AC523 (1.14,1.26,1.36) (0.64,0.79,1) (1,1,1) (0.88,1,1.14) (0.88,1,1.14) (0.74,0.79,0.88) (0.74,0.79,0.88)
AC524 (1.15,1.59,2.11) (0.64,0.79,1) (0.88,1,1.14) (1,1,1) (0.88,1,1.14) (0.77,1,1.31) (1,1,1)
AC525 (1.31,1.59,1.84) (1.19,1.44,1.74) (0.88,1,1.14) (0.88,1,1.14) (1,1,1) (0.66,0.69,0.74) (0.66,0.69,0.74)
AC526 (1.31,1.59,1.84) (1.36,1.44,1.52) (1.14,1.26,1.36) (0.77,1,1.31) (1.36,1.44,1.52) (1,1,1) (0.88,1,1.14)
AC527 (1.55,1.82,2.06) (1.36,1.44,1.52) (1.14,1.26,1.36) (1,1,1) (1.36,1.44,1.52) (0.88,1,1.14) (1,1,1)
Performance Evaluation of Sudanese Universities and Academic Staff 15
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Table 21 Evaluation of the sub criteria of material content
(AC53).
AC531 AC532 AC533
AC531 (1,1,1) (0.77,1,1.31) (1,1,1)
AC532 (0.77,1,1.31) (1,1,1) (0.77,1,1.31)
AC533 (1,1,1) (0.77,1,1.31) (1,1,1)
16 M.K. Yousif, A. ShaoutSimilarly,
SUC3 ¼ ð0:086;0:114; 0:152Þ; SUC4 ¼ ð0:110; 0:146;0:190Þ;
SUC5 ¼ ð0:082;0:109; 0:145Þ; SUC6 ¼ ð0:097; 0:131;0:176Þ
SUC7 ¼ ð0:072;0:098; 0:134Þ; SUC8 ¼ ð0:060; 0:080; and 0:109Þ;
SUC9 ¼ ð0:072;0:095; 0:127ÞTable 22 Evaluation of the sub criteria of relationship of faculty m
AC541 AC542
AC541 (1,1,1) (0.88,1,1.14
AC542 (0.88,1,1.14) (1,1,1)
AC543 (1.14,1.26,1.36) (0.77,1,1.31
AC544 (0.77,1,1.31) (0.77,1,1.31
Table 23 Evaluation of the sub criteria of course content (AC61).
AC611 AC612
AC611 (1,1,1) (0.91,1.19,1.54
AC612 (0.65,0.84,1.11) (1,1,1)
AC613 (1.39,1.57,1.72) (0.74,1,1.36)
AC614 (1.03,1.32,1.68) (1.14,1.32,1.51
Table 24 Evaluation of the sub criteria of Delivery & Teaching M
AC621 AC622 AC623 AC624
AC621 (1,1,1) (0.66,0.69,0.74) (0.88,1,1.14) (1,1,1)
AC622 (1.36,1.44,1.52) (1,1,1) (1,1,1) (0.88,1,1.14)
AC623 (0.88,1,1.14) (1,1,1) (1,1,1) (1.14,1.26,1.36
AC624 (1,1,1) (0.88,1,1.14) (0.74,0.79,0.88) (1,1,1)
AC625 (1.14,1.26,1.36) (0.88,1,1.14) (0.88,1,1.14) (0.77,1,1.31)
AC626 (1.55,1.82,2.06) (0.88,1,1.14) (1,1,1) (0.77,1,1.31)
AC627 (1.19,1.44,1.74) (1,1,1) (0.88,1,1.14) (0.77,1,1.31)
AC628 (0.88,1,1.14) (0.88,1,1.14) (0.88,1,1.14) (1,1.26,1.55)
Table 25 Evaluation of the sub criteria of learning environment (A
AC631 AC632 AC633 AC6
AC631 (1,1,1) (1,1,1) (0.88,1,1.14) (0.58
AC632 (1,1,1) (1,1,1) (0.77,1,1.31) (1,1,
AC633 (0.88,1,1.14) (0.77,1,1.31) (1,1,1) (1,1,
AC634 (1.19,1.44,1.74) (1,1,1) (1,1,1) (1,1,
AC635 (1.55,1.82,2.06) (1.14,1.26,1.36) (1.14,1.26,1.36) (1.36
AC636 (1.55,1.82,2.06) (1.14,1.26,1.36) (1.14,1.26,1.36) (1.36
AC637 (0.88,1,1.14) (0.77,1,1.31) (1.36,1.44,1.52) (0.77
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpUsing these vectors and the equation below, we can get the
degree of possibility
VðM2PM1Þ¼hgtðM2 \M1Þ¼lM2 ¼
1 ifm2Pm1
0 if l1Pu2
l1u2
ðm2u2Þðm1l1Þ otherwise
8><
>:
For UC1: Institutional frame work, let
l2 ¼ 0:089; l1 ¼ 0:079;m2 ¼ 0:121;m1 ¼ 0:144; u2 ¼ 0:164;
u1 ¼ 0:144 Then: VðSUC1 P SUC2Þ: V ((0.089, 0.121, 0.164) P
(0.079, 0.107, 0.144)) = 1.000
Similarly
V ðSUC1 P SUC3Þ: V ((0.089, 0.121, 0.164) P (0.086, 0.114,
0.152)) = 1.000ember and students (AC54).
AC543 AC544
) (0.74,0.79,0.88) (0.77,1,1.31)
(0.77,1,1.31) (0.77,1,1.31)
) (1,1,1) (1,1.26,1.55)
) (0.64,0.79,1) (1,1,1)
AC613 AC614
) (0.58,0.64,0.72) (0.6,0.76,0.97)
(0.74,1,1.36) (0.66,0.76,0.88)
(1,1,1) (0.72,0.84,1)
) (1,1.19,1.39) (1,1,1)
ethods (AC62).
AC625 AC626 AC627 AC628
(0.74,0.79,0.88) (0.49,0.55,0.64) (0.58,0.69,0.84) (0.88,1,1.14)
(0.88,1,1.14) (0.88,1,1.14) (1,1,1) (0.88,1,1.14)
) (0.88,1,1.14) (1,1,1) (0.88,1,1.14) (0.88,1,1.14)
(0.77,1,1.31) (0.77,1,1.31) (0.77,1,1.31) (0.64,0.79,1)
(1,1,1) (1,1,1) (0.88,1,1.14) (0.58,0.69,0.84)
(1,1,1) (1,1,1) (1.14,1.26,1.36) (0.77,1,1.31)
(0.88,1,1.14) (0.74,0.79,0.88) (1,1,1) (1,1,1)
(1.19,1.44,1.74) (0.77,1,1.31) (1,1,1) (1,1,1)
C63).
34 AC635 AC636 AC637
,0.69,0.84) (0.49,0.55,0.64) (0.49,0.55,0.64) (0.88,1,1.14)
1) (0.74,0.79,0.88) (0.74,0.79,0.88) (0.77,1,1.31)
1) (0.74,0.79,0.88) (0.74,0.79,0.88) (0.66,0.69,0.74)
1) (0.43,0.55,0.74) (0.43,0.55,0.74) (0.77,1,1.31)
,1.82,2.36) (1,1,1) (1,1,1) (0.77,1,1.31)
,1.82,2.36) (1,1,1) (1,1,1) (0.88,1,1.14)
,1,1.31) (0.77,1,1.31) (0.88,1,1.14) (1,1,1)
l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
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Journal of King Saud University – Computer and Information Sciences (2016), httpV ðSUC1 P SUC4Þ: V ((0.089, 0.121, 0.164) P (0.110, 0.146,
0.190)) = 0.683
V ðSUC1 P SUC5Þ: V ((0.089, 0.121, 0.164) P (0.082, 0.109,
0.145)) = 1.000
V ðSUC1 P SUC6Þ: V ((0.089, 0.121, 0.164) P (0.097, 0.131,
0.176)) = 0.868
V ðSUC1 P SUC7Þ: V ((0.089, 0.121, 0.164) P (0.072, 0.098,
0.134)) = 1.000
V ðSUC1 P SUC8Þ: V ((0.089, 0.121, 0.164) P (0.060, 0.080,
0.109)) = 1.000
V ðSUC1 P SUC9Þ: V ((0.089, 0.121, 0.164) P (0.072, 0.095,
0.127)) = 1.000
Membership function plots for the above are presented in
Appendix C.
Similarly:
For UC2: Governance & Administration
VðSUC2 P SUC1Þ :¼ 0:798;VðSUC2 P SUC3Þ ¼ 0:886;
VðSUC2 P SUC4Þ :¼ 0:467; VðSUC2 P SUC5Þ ¼ 0:970;
VðSUC2 P SUC6Þ :¼ 0:661; VðSUC2 P SUC7Þ ¼ 1:000;
VðSUC2 P SUC8Þ :¼ 1:000; VðSUC2 P SUC9Þ ¼ 1:000:
For UC3: Infrastructure & Services
VðSUC3 P SUC1Þ ¼ 0:907; VðSUC3 P SUC2Þ ¼ 1:000;
VðSUC3 P SUC4Þ ¼ 0:569; VðSUC3 P SUC5Þ ¼ 1:000;
VðSUC3 P SUC6Þ ¼ 0:766; VðSUC3 P SUC7Þ ¼ 1:000;
VðSUC3 P SUC8Þ ¼ 1:000; VðSUC3 P SUC9Þ ¼ 1:000:
For UC4: Human Resources
VðSUC4 P SUC1Þ ¼ 1:000; VðSUC4 P SUC2Þ ¼ 1:000;
VðSUC4 P SUC3Þ ¼ 1:000; VðSUC4 P SUC5Þ ¼ 1:000;
VðSUC4 P SUC6Þ ¼ 1:000; VðSUC4 P SUC7Þ ¼ 1:000;
VðSUC4 P SUC8Þ ¼ 1:000; VðSUC4 P SUC9Þ ¼ 1:000:
For UC5: Students & Graduates
VðSUC5 P SUC1Þ ¼ 0:823; VðSUC5 P SUC2Þ ¼ 1:000;
VðSUC5 P SUC3Þ ¼ 0:913; VðSUC5 P SUC4Þ ¼ 0:485;
VðSUC5 P SUC6Þ ¼ 0:683; VðSUC5 P SUC7Þ ¼ 1:000;
VðSUC5 P SUC8Þ ¼ 1:000; VðSUC5 P SUC9Þ ¼ 1:000:
For UC6: Teaching and Learning Resources
VðSUC6 P SUC1Þ ¼ 1:000; VðSUC6 P SUC2Þ ¼ 1:000;
VðSUC6 P SUC3Þ ¼ 1:000; VðSUC6 P SUC4Þ ¼ 0:814;
VðSUC6 P SUC5Þ ¼ 1:000; VðSUC6 P SUC7Þ ¼ 1:000;
VðSUC6 P SUC8Þ ¼ 1:000; VðSUC6 P SUC9Þ ¼ 1:000:
For UC7: Scientiﬁc Research and Graduate Studies
VðSUC7 P SUC1Þ ¼ 0:664; VðSUC7 P SUC2Þ ¼ 0:861;
VðSUC7 P SUC3Þ ¼ 0:746; VðSUC7 P SUC4Þ ¼ 0:335;
VðSUC7 P SUC5Þ ¼ 0:829; VðSUC7 P SUC6Þ ¼ 0:528;
VðSUC7 P SUC8Þ ¼ 1:000; VðSUC7 P SUC9Þ ¼ 1:000:l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Table 27 Contains the normalized & weighted decision matrix using the bottom criteria weight for universities.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
University/
Criteria
Weights University
of Gadarif
University
of al-
Jazirah
Sudan
University of
Sc. & Tech
Omdurman
Islamic
University
Blue Nile
University
University
of
Dongola
Kordofan
University
Al Fashir
University
Red Sea
University
University
of
Khartoum
University
of Sc. and
Tech.
Ahfad
University
for Women
University of
Medical Sc. &
Tech.
Omdurman
Ahlia
University
National
Ribat
University
1 UC11 0.0481 (0.0102,
0.0111,
0.0117)
(0.0102,
0.0111,
0.0117)
(0.0238,
0.0222, 0.021)
(0.0102,
0.0111,
0.0117)
(0.0102,
0.0111,
0.0117)
(0.0102,
0.0111,
0.0117)
(0.0102,
0.0111,
0.0117)
(0.0068,
0.0056,
0.0047)
(0.0102,
0.0111,
0.0117)
(0.0238,
0.0222,
0.021)
(0.0068,
0.0056,
0.0047)
(0.0102,
0.0111,
0.0117)
(0.0102, 0.0111,
0.0117)
(0.0068,
0.0056,
0.0047)
(0.0102,
0.0111,
0.0117)
2 UC12 0.019684 (0.0034,
0.0028,
0.0024)
(0.0051,
0.0057,
0.0061)
(0.0051,
0.0057,
0.0061)
(0.0051,
0.0057,
0.0061)
(0.0034,
0.0028,
0.0024)
(0.0034,
0.0028,
0.0024)
(0.0034,
0.0028,
0.0024)
(0.0034,
0.0028,
0.0024)
(0.0034,
0.0028,
0.0024)
(0.0119,
0.0114,
0.0109)
(0.0034,
0.0028,
0.0024)
(0.0051,
0.0057,
0.0061)
(0.0051, 0.0057,
0.0061)
(0.0034,
0.0028,
0.0024)
(0.0051,
0.0057,
0.0061)
3 UC13 0.006956 (0.0011,
0.001,
0.001)
(0.0011,
0.001,
0.001)
(0.004, 0.0041,
0.0043)
(0.0011,
0.001, 0.001)
(0.0011,
0.001,
0.001)
(0.0011,
0.001,
0.001)
(0.0011,
0.001,
0.001)
(0.0011,
0.001,
0.001)
(0.0011,
0.001,
0.001)
(0.004,
0.0041,
0.0043)
(0.0011,
0.001,
0.001)
(0.0011,
0.001, 0.001)
(0.0011, 0.001,
0.001)
(0.0011,
0.001, 0.001)
(0.0011,
0.001,
0.001)
4 UC14 0.0222 (0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0127,
0.0132,
0.0137)
(0.0036,
0.0033, 0.003)
(0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0127,
0.0132,
0.0137)
(0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0036, 0.0033,
0.003)
(0.0036,
0.0033,
0.003)
(0.0036,
0.0033,
0.003)
5 UC15 0.05106 (0.0157,
0.017,
0.0177)
(0.0157,
0.017,
0.0177)
(0.0157, 0.017,
0.0177)
(0.0157,
0.017, 0.0177)
(0.0105,
0.0085,
0.0071)
(0.0105,
0.0085,
0.0071)
(0.0105,
0.0085,
0.0071)
(0.0105,
0.0085,
0.0071)
(0.0105,
0.0085,
0.0071)
(0.0157,
0.017,
0.0177)
(0.0105,
0.0085,
0.0071)
(0.0157,
0.017,
0.0177)
(0.0157, 0.017,
0.0177)
(0.0105,
0.0085,
0.0071)
(0.0105,
0.0085,
0.0071)
6 UC21 0.0206304 (0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0098, 0.009,
0.0084)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0098,
0.009,
0.0084)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0042, 0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
(0.0042,
0.0045,
0.0047)
7 UC22 0.0099975 (0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0036,
0.0044,
0.0049)
(0.0024,
0.0022, 0.002)
(0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0036,
0.0044,
0.0049)
(0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0024, 0.0022,
0.002)
(0.0024,
0.0022,
0.002)
(0.0024,
0.0022,
0.002)
8 UC23 0.0160653 (0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0077, 0.007,
0.0066)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0077,
0.007,
0.0066)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0033, 0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
(0.0033,
0.0035,
0.0036)
9 UC24 0.0134319 (0.0029,
0.0025,
0.0021)
(0.0044,
0.0049,
0.0052)
(0.0044,
0.0049,
0.0052)
(0.0029,
0.0025,
0.0021)
(0.0029,
0.0025,
0.0021)
(0.0029,
0.0025,
0.0021)
(0.0029,
0.0025,
0.0021)
(0.0029,
0.0025,
0.0021)
(0.0029,
0.0025,
0.0021)
(0.0044,
0.0049,
0.0052)
(0.0029,
0.0025,
0.0021)
(0.0044,
0.0049,
0.0052)
(0.0044, 0.0049,
0.0052)
(0.0029,
0.0025,
0.0021)
(0.0029,
0.0025,
0.0021)
10 UC25 0.0224036 (0.005,
0.0056,
0.0061)
(0.005,
0.0056,
0.0061)
(0.0117,
0.0113,
0.0109)
(0.0033,
0.0028,
0.0024)
(0.0033,
0.0028,
0.0024)
(0.0033,
0.0028,
0.0024)
(0.0033,
0.0028,
0.0024)
(0.0033,
0.0028,
0.0024)
(0.005,
0.0056,
0.0061)
(0.0117,
0.0113,
0.0109)
(0.0033,
0.0028,
0.0024)
(0.005,
0.0056,
0.0061)
(0.005, 0.0056,
0.0061)
(0.0033,
0.0028,
0.0024)
(0.005,
0.0056,
0.0061)
11 UC26 0.0033828 (0.0007,
0.0006,
0.0005)
(0.0011,
0.0012,
0.0013)
(0.0011,
0.0012,
0.0013)
(0.0007,
0.0006,
0.0005)
(0.0007,
0.0006,
0.0005)
(0.0007,
0.0006,
0.0005)
(0.0007,
0.0006,
0.0005)
(0.0007,
0.0006,
0.0005)
(0.0007,
0.0006,
0.0005)
(0.0011,
0.0012,
0.0013)
(0.0007,
0.0006,
0.0005)
(0.0011,
0.0012,
0.0013)
(0.0011, 0.0012,
0.0013)
(0.0007,
0.0006,
0.0005)
(0.0007,
0.0006,
0.0005)
12 UC27 0.0160885 (0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0056,
0.0045,
0.0036)
(0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0084,
0.009,
0.0091)
(0.0022,
0.0023,
0.0024)
(0.0022,
0.0023,
0.0024)
(0.0084, 0.009,
0.0091)
(0.0022,
0.0023,
0.0024)
(0.0056,
0.0045,
0.0036)
13 UC31 0.036208 (0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0065,
0.0049,
0.004)
(0.0065,
0.0049,
0.004)
(0.0097, 0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
(0.0097,
0.0099,
0.0099)
14 UC32 0.028644 (0.0057,
0.0046,
0.0038)
(0.0086,
0.0092,
0.0095)
(0.0086,
0.0092,
0.0095)
(0.0086,
0.0092,
0.0095)
(0.0057,
0.0046,
0.0038)
(0.0057,
0.0046,
0.0038)
(0.0057,
0.0046,
0.0038)
(0.0057,
0.0046,
0.0038)
(0.0057,
0.0046,
0.0038)
(0.0086,
0.0092,
0.0095)
(0.0086,
0.0092,
0.0095)
(0.0086,
0.0092,
0.0095)
(0.0086, 0.0092,
0.0095)
(0.0057,
0.0046,
0.0038)
(0.0086,
0.0092,
0.0095)
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15 UC33 0.026164 (0.0052,
0.0042,
0.0035)
(0.0078,
0.0084,
0.0087)
(0.0078,
0.0084,
0.0087)
(0.0078,
0.0084,
0.0087)
(0.0052,
0.0042,
0.0035)
(0.0052,
0.0042,
0.0035)
(0.0052,
0.0042,
0.0035)
(0.0052,
0.0042,
0.0035)
(0.0052,
0.0042,
0.0035)
(0.0078,
0.0084,
0.0087)
(0.0078,
0.0084,
0.0087)
(0.0078,
0.0084,
0.0087)
(0.0078, 0.0084,
0.0087)
(0.0052,
0.0042,
0.0035)
(0.0078,
0.0084,
0.0087)
16 UC34 0.032984 (0.007,
0.0057,
0.0048)
(0.0104,
0.0115,
0.0121)
(0.0104,
0.0115,
0.0121)
(0.007,
0.0057,
0.0048)
(0.007,
0.0057,
0.0048)
(0.007,
0.0057,
0.0048)
(0.007,
0.0057,
0.0048)
(0.007,
0.0057,
0.0048)
(0.007,
0.0057,
0.0048)
(0.0104,
0.0115,
0.0121)
(0.0104,
0.0115,
0.0121)
(0.007,
0.0057,
0.0048)
(0.0104, 0.0115,
0.0121)
(0.007,
0.0057,
0.0048)
(0.0104,
0.0115,
0.0121)
17 UC41 0.039494 (0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0173,
0.0161,
0.0153)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0173,
0.0161,
0.0153)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
(0.0173, 0.0161,
0.0153)
(0.0074,
0.0081,
0.0085)
(0.0074,
0.0081,
0.0085)
18 UC42 0.159929 (0.0267,
0.0308,
0.0358)
(0.0666,
0.0616,
0.0535)
(0.0666,
0.0616,
0.0535)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
(0.0666,
0.0616,
0.0535)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
(0.0666, 0.0616,
0.0535)
(0.0267,
0.0308,
0.0358)
(0.0267,
0.0308,
0.0358)
19 UC43 0.017577 (0.0039,
0.0034,
0.0029)
(0.0059,
0.0068,
0.0073)
(0.0059,
0.0068,
0.0073)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
(0.0059,
0.0068,
0.0073)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
(0.0059, 0.0068,
0.0073)
(0.0039,
0.0034,
0.0029)
(0.0039,
0.0034,
0.0029)
20 UC51 0.08862 (0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233,
0.0235,
0.0236)
(0.0233, 0.0235,
0.0236)
(0.0155,
0.0117,
0.0094)
(0.0233,
0.0235,
0.0236)
21 UC52 0.01638 (0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043,
0.0043,
0.0044)
(0.0043, 0.0043,
0.0044)
(0.0029,
0.0022,
0.0017)
(0.0043,
0.0043,
0.0044)
22 UC53 0 (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0)
23 UC61 0.023718 (0.0053,
0.0046,
0.004)
(0.008,
0.0091,
0.0099)
(0.008, 0.0091,
0.0099)
(0.0053,
0.0046, 0.004)
(0.0053,
0.0046,
0.004)
(0.0053,
0.0046,
0.004)
(0.0053,
0.0046,
0.004)
(0.0053,
0.0046,
0.004)
(0.0053,
0.0046,
0.004)
(0.008,
0.0091,
0.0099)
(0.0053,
0.0046,
0.004)
(0.0053,
0.0046,
0.004)
(0.008, 0.0091,
0.0099)
(0.0053,
0.0046,
0.004)
(0.0053,
0.0046,
0.004)
24 UC62 0.023895 (0.005,
0.0042,
0.0035)
(0.0076,
0.0083,
0.0088)
(0.0076,
0.0083,
0.0088)
(0.0076,
0.0083,
0.0088)
(0.005,
0.0042,
0.0035)
(0.005,
0.0042,
0.0035)
(0.005,
0.0042,
0.0035)
(0.005,
0.0042,
0.0035)
(0.005,
0.0042,
0.0035)
(0.0076,
0.0083,
0.0088)
(0.0076,
0.0083,
0.0088)
(0.005,
0.0042,
0.0035)
(0.0076, 0.0083,
0.0088)
(0.005,
0.0042,
0.0035)
(0.005,
0.0042,
0.0035)
25 UC63 0.020532 (0.0034,
0.004,
0.0046)
(0.0086,
0.0079,
0.0069)
(0.0086,
0.0079,
0.0069)
(0.0034,
0.004, 0.0046)
(0.0034,
0.004,
0.0046)
(0.0034,
0.004,
0.0046)
(0.0034,
0.004,
0.0046)
(0.0034,
0.004,
0.0046)
(0.0034,
0.004,
0.0046)
(0.0086,
0.0079,
0.0069)
(0.0034,
0.004,
0.0046)
(0.0034,
0.004,
0.0046)
(0.0086, 0.0079,
0.0069)
(0.0034,
0.004,
0.0046)
(0.0034,
0.004,
0.0046)
26 UC64 0.025311 (0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067,
0.0067,
0.0067)
(0.0067, 0.0067,
0.0067)
(0.0044,
0.0034,
0.0027)
(0.0067,
0.0067,
0.0067)
27 UC65 0.012213 (0.0035,
0.0036,
0.0037)
(0.0035,
0.0036,
0.0037)
(0.0035,
0.0036,
0.0037)
(0.0035,
0.0036,
0.0037)
(0.0023,
0.0018,
0.0015)
(0.0023,
0.0018,
0.0015)
(0.0035,
0.0036,
0.0037)
(0.0023,
0.0018,
0.0015)
(0.0023,
0.0018,
0.0015)
(0.0035,
0.0036,
0.0037)
(0.0035,
0.0036,
0.0037)
(0.0035,
0.0036,
0.0037)
(0.0035, 0.0036,
0.0037)
(0.0023,
0.0018,
0.0015)
(0.0035,
0.0036,
0.0037)
28 UC66 0.02124 (0.0035,
0.0041,
0.0048)
(0.0088,
0.0082,
0.0071)
(0.0088,
0.0082,
0.0071)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
(0.0088,
0.0082,
0.0071)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
(0.0088, 0.0082,
0.0071)
(0.0035,
0.0041,
0.0048)
(0.0035,
0.0041,
0.0048)
29 UC67 0.02478 (0.0063,
0.0054,
0.0046)
(0.0063,
0.0054,
0.0046)
(0.0095,
0.0108,
0.0116)
(0.0063,
0.0054,
0.0046)
(0.0025,
0.0027,
0.0031)
(0.0025,
0.0027,
0.0031)
(0.0025,
0.0027,
0.0031)
(0.0025,
0.0027,
0.0031)
(0.0063,
0.0054,
0.0046)
(0.0095,
0.0108,
0.0116)
(0.0063,
0.0054,
0.0046)
(0.0063,
0.0054,
0.0046)
(0.0095, 0.0108,
0.0116)
(0.0063,
0.0054,
0.0046)
(0.0063,
0.0054,
0.0046)
30 UC68 0.013983 (0.0017,
0.0017,
0.0019)
(0.0043,
0.0034,
0.0028)
(0.0065,
0.0069, 0.007)
(0.0017,
0.0017,
0.0019)
(0.0017,
0.0017,
0.0019)
(0.0017,
0.0017,
0.0019)
(0.0017,
0.0017,
0.0019)
(0.0017,
0.0017,
0.0019)
(0.0017,
0.0017,
0.0019)
(0.0065,
0.0069,
0.007)
(0.0043,
0.0034,
0.0028)
(0.0017,
0.0017,
0.0019)
(0.0065, 0.0069,
0.007)
(0.0017,
0.0017,
0.0019)
(0.0017,
0.0017,
0.0019)
(continued on next page)
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Table 27 (continued)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
University/
Criteria
Weights University
of Gadarif
University
of al-
Jazirah
Sudan
University of
Sc. & Tech
Omdurman
Islamic
University
Blue Nile
University
University
of
Dongola
Kordofan
University
Al Fashir
University
Red Sea
University
University
of
Khartoum
University
of Sc. and
Tech.
Ahfad
University
for Women
University of
Medical Sc. &
Tech.
Omdurman
Ahlia
University
National
Ribat
University
31 UC69 0.011328 (0.0025,
0.0022,
0.0019)
(0.0038,
0.0044,
0.0047)
(0.0038,
0.0044,
0.0047)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
(0.0038,
0.0044,
0.0047)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
(0.0038, 0.0044,
0.0047)
(0.0025,
0.0022,
0.0019)
(0.0025,
0.0022,
0.0019)
32 UC71 0.007665 (0.0017,
0.0015,
0.0013)
(0.0026,
0.003,
0.0032)
(0.0026, 0.003,
0.0032)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
(0.0026,
0.003,
0.0032)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
(0.0026, 0.003,
0.0032)
(0.0017,
0.0015,
0.0013)
(0.0017,
0.0015,
0.0013)
33 UC72 0.016352 (0.0029,
0.0034,
0.0041)
(0.0072,
0.0068,
0.0061)
(0.0072,
0.0068,
0.0061)
(0.0029,
0.0034,
0.0041)
(0.0016,
0.0017,
0.0018)
(0.0016,
0.0017,
0.0018)
(0.0016,
0.0017,
0.0018)
(0.0016,
0.0017,
0.0018)
(0.0029,
0.0034,
0.0041)
(0.0072,
0.0068,
0.0061)
(0.0029,
0.0034,
0.0041)
(0.0029,
0.0034,
0.0041)
(0.0072, 0.0068,
0.0061)
(0.0016,
0.0017,
0.0018)
(0.0029,
0.0034,
0.0041)
34 UC73 0.015987 (0.0027,
0.0031,
0.0036)
(0.0067,
0.0062,
0.0053)
(0.0067,
0.0062,
0.0053)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
(0.0067,
0.0062,
0.0053)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
(0.0067, 0.0062,
0.0053)
(0.0027,
0.0031,
0.0036)
(0.0027,
0.0031,
0.0036)
35 UC74 0.006716 (0.0015,
0.0013,
0.0011)
(0.0023,
0.0026,
0.0028)
(0.0023,
0.0026,
0.0028)
(0.0015,
0.0013,
0.0011)
(0.0015,
0.0013,
0.0011)
(0.0015,
0.0013,
0.0011)
(0.0015,
0.0013,
0.0011)
(0.0015,
0.0013,
0.0011)
(0.0015,
0.0013,
0.0011)
(0.0023,
0.0026,
0.0028)
(0.0015,
0.0013,
0.0011)
(0.0015,
0.0013,
0.0011)
(0.0023, 0.0026,
0.0028)
(0.0006,
0.0007,
0.0008)
(0.0015,
0.0013,
0.0011)
36 UC75 0.011753 (0.0027,
0.0023,
0.002)
(0.0041,
0.0047,
0.005)
(0.0041,
0.0047, 0.005)
(0.0011,
0.0012,
0.0013)
(0.0027,
0.0023,
0.002)
(0.0027,
0.0023,
0.002)
(0.0027,
0.0023,
0.002)
(0.0027,
0.0023,
0.002)
(0.0027,
0.0023,
0.002)
(0.0041,
0.0047,
0.005)
(0.0027,
0.0023,
0.002)
(0.0027,
0.0023,
0.002)
(0.0041, 0.0047,
0.005)
(0.0011,
0.0012,
0.0013)
(0.0027,
0.0023,
0.002)
37 UC76 0.0146 (0.0038,
0.0032,
0.0028)
(0.0057,
0.0065,
0.0069)
(0.0038,
0.0032,
0.0028)
(0.0038,
0.0032,
0.0028)
(0.0015,
0.0016,
0.0018)
(0.0015,
0.0016,
0.0018)
(0.0015,
0.0016,
0.0018)
(0.0015,
0.0016,
0.0018)
(0.0038,
0.0032,
0.0028)
(0.0057,
0.0065,
0.0069)
(0.0038,
0.0032,
0.0028)
(0.0038,
0.0032,
0.0028)
(0.0057, 0.0065,
0.0069)
(0.0015,
0.0016,
0.0018)
(0.0038,
0.0032,
0.0028)
38 UC81 0 (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0)
39 UC82 0 (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0) (0, 0, 0)
40 UC91 0.025002 (0.0038,
0.004,
0.0045)
(0.0095,
0.0081,
0.0067)
(0.0095,
0.0081,
0.0067)
(0.0038,
0.004, 0.0045)
(0.0038,
0.004,
0.0045)
(0.0038,
0.004,
0.0045)
(0.0038,
0.004,
0.0045)
(0.0038,
0.004,
0.0045)
(0.0038,
0.004,
0.0045)
(0.0095,
0.0081,
0.0067)
(0.0038,
0.004,
0.0045)
(0.0038,
0.004,
0.0045)
(0.0143, 0.0162,
0.0168)
(0.0021,
0.002, 0.002)
(0.0038,
0.004,
0.0045)
41 UC92 0.028998 (0.0042,
0.0045,
0.0051)
(0.0104,
0.009,
0.0076)
(0.0104, 0.009,
0.0076)
(0.0042,
0.0045,
0.0051)
(0.0042,
0.0045,
0.0051)
(0.0042,
0.0045,
0.0051)
(0.0042,
0.0045,
0.0051)
(0.0042,
0.0045,
0.0051)
(0.0042,
0.0045,
0.0051)
(0.0104,
0.009,
0.0076)
(0.0042,
0.0045,
0.0051)
(0.0042,
0.0045,
0.0051)
(0.0156, 0.0181,
0.0191)
(0.0023,
0.0023,
0.0022)
(0.0104,
0.009,
0.0076)
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Table 28 It contains the positive & negative ideal solutions from the weighted decision matrix for each bottom criterion.
Criteria Negative Ideal Solution Positive Ideal Solution Criteria Negative Ideal Solution Positive Ideal Solution
UC11 (0.0068, 0.0056, 0.0047) (0.0238, 0.0222, 0.021) UC53 (0, 0, 0) (0, 0, 0)
UC12 (0.0034, 0.0028, 0.0024) (0.0119, 0.0114, 0.0109) UC61 (0.0053, 0.0046, 0.004) (0.008, 0.0091, 0.0099)
UC13 (0.0011, 0.001, 0.001) (0.004, 0.0041, 0.0043) UC62 (0.005, 0.0042, 0.0035) (0.0076, 0.0083, 0.0088)
UC14 (0.0036, 0.0033, 0.003) (0.0127, 0.0132, 0.0137) UC63 (0.0034, 0.004, 0.0046) (0.0086, 0.0079, 0.0069)
UC15 (0.0105, 0.0085, 0.0071) (0.0157, 0.017, 0.0177) UC64 (0.0044, 0.0034, 0.0027) (0.0067, 0.0067, 0.0067)
UC21 (0.0042, 0.0045, 0.0047) (0.0098, 0.009, 0.0084) UC65 (0.0023, 0.0018, 0.0015) (0.0035, 0.0036, 0.0037)
UC22 (0.0024, 0.0022, 0.002) (0.0036, 0.0044, 0.0049) UC66 (0.0035, 0.0041, 0.0048) (0.0088, 0.0082, 0.0071)
UC23 (0.0033, 0.0035, 0.0036) (0.0077, 0.007, 0.0066) UC67 (0.0025, 0.0027, 0.0031) (0.0095, 0.0108, 0.0116)
UC24 (0.0029, 0.0025, 0.0021) (0.0044, 0.0049, 0.0052) UC68 (0.0017, 0.0017, 0.0019) (0.0065, 0.0069, 0.007)
UC25 (0.0033, 0.0028, 0.0024) (0.0117, 0.0113, 0.0109) UC69 (0.0025, 0.0022, 0.0019) (0.0038, 0.0044, 0.0047)
UC26 (0.0007, 0.0006, 0.0005) (0.0011, 0.0012, 0.0013) UC71 (0.0017, 0.0015, 0.0013) (0.0026, 0.003, 0.0032)
UC27 (0.0022, 0.0023, 0.0024) (0.0084, 0.009, 0.0091) UC72 (0.0016, 0.0017, 0.0018) (0.0072, 0.0068, 0.0061)
UC31 (0.0065, 0.0049, 0.004) (0.0097, 0.0099, 0.0099) UC73 (0.0027, 0.0031, 0.0036) (0.0067, 0.0062, 0.0053)
UC32 (0.0057, 0.0046, 0.0038) (0.0086, 0.0092, 0.0095) UC74 (0.0006, 0.0007, 0.0008) (0.0023, 0.0026, 0.0028)
UC33 (0.0052, 0.0042, 0.0035) (0.0078, 0.0084, 0.0087) UC75 (0.0011, 0.0012, 0.0013) (0.0041, 0.0047, 0.005)
UC34 (0.007, 0.0057, 0.0048) (0.0104, 0.0115, 0.0121) UC76 (0.0015, 0.0016, 0.0018) (0.0057, 0.0065, 0.0069)
UC41 (0.0074, 0.0081, 0.0085) (0.0173, 0.0161, 0.0153) UC81 (0, 0, 0) (0, 0, 0)
UC42 (0.0267, 0.0308, 0.0358) (0.0666, 0.0616, 0.0535) UC82 (0, 0, 0) (0, 0, 0)
UC43 (0.0039, 0.0034, 0.0029) (0.0059, 0.0068, 0.0073) UC91 (0.0021, 0.002, 0.002) (0.0143, 0.0162, 0.0168)
UC51 (0.0155, 0.0117, 0.0094) (0.0233, 0.0235, 0.0236) UC92 (0.0023, 0.0023, 0.0022) (0.0156, 0.0181, 0.0191)
UC52 (0.0029, 0.0022, 0.0017) (0.0043, 0.0043, 0.0044)
Table 29 Shows the distance of each alternative from Ideal negative & positive Ideal Solutions (separation measures).
SR Alternatives (Universities) Distance from negative ideal solution Distance from positive ideal solution
1 University of Gadarif 0.01762 0.09248
2 University of al-Jazirah 0.03975 0.08474
3 Sudan University of Sc. & Tech 0.06787 0.06788
4 Omdurman Islamic University 0.01908 0.09221
5 Blue Nile University 0.01463 0.09340
6 University of Dongola 0.01463 0.09340
7 Kordofan University 0.01474 0.09338
8 Al Fashir University 0.01355 0.09417
9 Red Sea University 0.01537 0.09288
10 University of Khartoum 0.09395 0.01197
11 University of Sc. and Tech. 0.01639 0.09343
12 Ahfad University for Women 0.01842 0.09216
13 University of Medical Sc. & Tech. 0.09299 0.01863
14 Omdurman Ahlia University 0.00560 0.09546
15 National Ribat University 0.05293 0.07915
Table 30 Shows the ﬁnal ranking result for 15 Sudanese universities (alternatives: 10 public & 5 private). The ranking result presented
for public universities, private universities and all universities.
SR. Alternatives Relative Closeness to ideal Solution Group Ranking General Ranking
1 University of Gadarif 0.16007 Public 5 8
2 University of al-Jazirah 0.31930 3 5
3 Sudan University of Sc. & Tech 0.49996 2 3
4 Omdurman Islamic University 0.17142 4 6
5 Blue Nile University 0.13544 8 12
6 University of Dongola 0.13544 9 13
7 Kordofan University 0.13633 7 11
8 Al Fashir University 0.12577 10 14
9 Red Sea University 0.14201 6 10
10 University of Khartoum 0.88696 1 1
11 University of Sc. and Tech. 0.14921 Private 4 9
12 Ahfad University for Women 0.16659 3 7
13 University of Medical Sc. & Tech. 0.83311 1 2
14 Omdurman Ahlia University 0.05545 5 15
15 National Ribat University 0.40074 2 4
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22 M.K. Yousif, A. ShaoutFor UC8: Community Service
VðSUC8 P SUC1Þ ¼ 0:325; VðSUC8 P SUC2Þ ¼ 0:526;
VðSUC8 P SUC3Þ ¼ 0:401; VðSUC8 P SUC4Þ ¼ 0:000;
VðSUC8 P SUC5Þ ¼ 0:484; VðSUC8 P SUC6Þ ¼ 0:182;
VðSUC8 P SUC7Þ ¼ 0:674; VðSUC8 P SUC9Þ ¼ 0:714:
For UC9: Quality Management
VðSUC9 P SUC1Þ ¼ 0:593; VðSUC9 P SUC2Þ ¼ 0:800;
VðSUC9 P SUC3Þ ¼ 0:678; VðSUC9 P SUC4Þ ¼ 0:246;
VðSUC9 P SUC5Þ ¼ 0:765; VðSUC9 P SUC6Þ ¼ 0:449;
VðSUC9 P SUC7Þ ¼ 0:949; VðSUC9 P SUC8Þ ¼ 1:000
.Table 31 Comparison Result (2014/2015 vs 2015/2016 vs Prop
1. 
Medicine 
%
Rate Rank 2. 
Education
%
Rate
(2014/2015)
(2015/2016)
(20
(20
University of
Khartoum
92.9
92.4
1
1
University of  
Khartoum
82.4
82.7
University of 
al-Jazirah 
92.4
92.0
2
2
Sudan Univ. of Sc. 
Tech.
81.6
81.0
Omdurman Islamic 
Univ. 
90.4
90.3
3
3
University of
al-Jazirah 
78.3
76.4
University of 
Gadarif
89.7
89.7
4
4 University of Gadarif
71.4
71.4
Kordofan 
University
89.4
89.3
5
6
Omdurman Islamic 
Univ.
70.4
71.4
Red Sea University 89.489.4
5
5 Kordofan University
70.3
70.6
University of 
Dongola
89.0
89.1
7
7 Al Fashir University
70.1
70.0
Blue Nile 
University
87.6
88.6
8
8
University of 
Dongola
69.4
68.1
Al Fashir 
University
87.4
88.3
9
9 Blue Nile University
67.9
67.3
Red Sea University 68.3
4. Economics
%
Rate Rank 5. 
Engineering
%
Rate
(2014/2015)
(2015/2016)
(20
(20
Univ.  of Khartoum 86.386.3
1
1
University of 
Khartoum
93.1
91.9
Sudan Univ. of Sc. 
Tech.
86.0
85.4
2
2
Sudan Univ. of Sc. 
Tech.
89.1
86.9
University of al-
Jazirah 
83.4
80.9
3
3
University of al-
Jazirah 
85.1
83.6
Omdurman Islamic 79.176.0
4
4 Omdurman Islamic 
83.0
80.6
University of 
Gadarif
75.7
74.4
5
5 Red Sea University
81.6
80.6
Kordofan 
University
74.0
73.1
6
8 Kordofan University
79.7
77.4
Blue Nile 
University
73.9
73.9
7
6 Blue Nile University
78.6
75.7
University of 
Dongola
69.9
69.3
8
10
Al Fashir 
University 70.9 9
Red Sea University 73.9 6
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minimizing and normalizing V. (i.e. minV½ðMP
MiÞ wherei ¼ 1; . . . ; k
Therefore, the weight W is obtained as follows:
Minimizing WUC = (0.683, 0.467, 0.569, 1.000, 0.485,
0.814, 0.335, 0.000, 0.246)
Normalizing WUC = (0.148, 0.102, 0.124, 0.217, 0.105,
0.177, 0.073, 0.000, 0.054)
It means that the weight of the main performance evaluation
criteria for Sudanese universities (i.e. UC1: Institutional frame
work,UC2:Governance&Administration,UC3: Infrastructure
& Services, UC4: Human Resources, UC5: Students & Gradu-
ates, UC6: Teaching and Learning Resources, UC7: Scientiﬁc
Research and Graduate Studies, UC8: Community Service
and UC8: Quality Management) are equal to (0.148, 0.102,
0.124, 0.217, 0.105, 0.177, 0.073, 0.000, 0.054), respectively.osed Model).
Rank 3. 
Computer Sc.
%
Rate Rank
14/2015)
15/2016)
(2014/2015)
(2015/2016)
1
1 University of  Khartoum
86.3
86.4
1
1
2
2 Sudan Univ. of Sc. Tech.
85.0
85.0
2
2
3
3 University of al-Jazirah 
79.7
80.3
3
3
4
4 Omdurman Islamic Univ.
76.0
76.3
4
4
5
4 University of Gadarif
73.4
73.7
5
6
6
6 Red Sea University
72.4
75.4
6
5
7
7 Kordofan University
71.1
71.7
7
7
8
9 University of Dongola
65.0
64.0
8
8
9
10
8
Rank Comparison Test
Admission Ranking Vs. Model Result
14/2015)
15/2016) Institutes 
2014/2015
&
2015/2016
Model 
Result
1
1 University of Khartoum 1 1 1
2
2
Sudan Univ. of Sc 
&Tech 2 2 2
3
3 University of al-Jazirah 3 3 3
4
4 Omdurman Islamic Univ. 4 4 4
5
4 University of Gadarif 5 5 5
6
6 Red Sea University 6 6 6
7
7 Kordofan University 7 7 7
Blue Nile Univ. 9 8 8
Univ. of Dongola 7 10 9
Al Fashir Univ. 10 9 10
l model for performance evaluation of Sudanese Universities and academic staﬀ.
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Performance Evaluation of Sudanese Universities and Academic Staff 23According to this example, the most important criteria is
the ‘UC4-Human Resources’ and the least important criteria
is ‘UC9-Quality Management’. One criterion ‘UC8-
Community Service’ is not important at all when compared
with the others. Fuzzy pair wise comparisons offer that if a cri-
terion is less important than all of the others, then compara-
tively this criterion has no importance and its weight is zero.
Systematic approach could be considered by using Micro-
soft Excel & predeﬁned functions in order to design the com-
parisons matrices and easily & accurately compute the
priorities weights.
The main criteria and sub-criteria for universities perfor-
mance evaluation are compared in Tables 2 to 11. Also, the
main criteria and sub-criteria for academic staff performance
evaluation are compared in the Tables 12 to 26.
Therefore, similarly the weight vector for sub criteria in
Tables 3 to 10 are calculated as follows:
W UC1 = (0.325, 0.133, 0.047, 0.150, 0.345), W UC2 = (0.202,
0.098, 0.158, 0.132, 0.220, 0.033, 0.158)
W UC3 = (0.292, 0.231, 0.211, 0.266), W UC4 = (0.182, 0.737,
0.081)
W UC5 = (0.844, 0.156, 0.000), W UC6 = (0.134, 0.135, 0.116,
0.143, 0.069, 0.120, 0.140, 0.079, 0.064)
W UC7 = (0.105, 0.224, 0.219, 0.092, 0.161, 0.200), W UC8 =
(0.5, 0.5)
W UC9 = (0.463, 0.537)
where the weight vector W UC1 represents the weights of sub cri-
teria of (UC1) Institutional framework criterion: The 0.363 is
weight of (UC11: Strategic Planning), 0.089 is weight of
(UC12: Vision), etc. correspondingly as deﬁned in the
Table 33.
Similarly for the other weight vectors WUC2;
WUC3; . . . ;WUC9,
Same procedures were executed to check the consistency,
aggregate responses, approximate and get the ﬁnal weight of
the main Academic Staff criteria and sub criteria. Tables from
Tables 12 to 26 represents the aggregated comparison matrices
for the main criteria and sub criteria of Academic Staff.
The following weights are calculated and obtained for the
main criteria and sub criteria:Figure 10 Char compares the weights betwe
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpMain criteria: From Table 12:
WAC ¼ ð0:300; 0:369; 0:058; 0:129; 0:031; 0:114Þ
Sub criteria weight (level-1: from Tables 15 to 20)
WAC1 ¼ ð0:255; 0:339; 0:087; 0:145; 0:174Þ;
WAC2 ¼ ð0:189; 0:203; 0:179; 0:198; 0:034; 0:198Þ
WAC3 ¼ ð0:186; 0:105; 0:604; 0:105Þ;
WAC4 ¼ ð0:006; 0:242; 0:291; 0:461Þ
WAC5 ¼ ð0:430; 0:373; 0:040; 0:157Þ;
WAC6 ¼ ð0:250; 0:250; 0:250; 0:250Þ
Sub criteria weights (level-2: from Tables 21–24)
WAC51 ¼ ð0:036; 0:156; 0:177; 0:305; 0:143; 0:182Þ;
WAC52 ¼ ð0:000; 0:077; 0:081; 0:165; 0:156; 0:154; 0:254; 0:270Þ
WAC53 ¼ ð0:333; 0:333; 0:333Þ;
WAC54 ¼ ð0:216; 0:249; 0:308; 0:227Þ
Sub criteria weights (level-2: from Tables 25–28)
WAC61 ¼ ð0:179; 0:188; 0:291; 0:343Þ;
WAC62 ¼ ð0:049; 0:138; 0:130; 0:109; 0:119; 0:169; 0:132; 0:154Þ
WAC63 ¼ ð0:007; 0:089; 0:054; 0:097; 0:288; 0:288; 0:176Þ;
WAC64 ¼ ð0:079; 0:051; 0:056; 0:095; 0:028; 0:099; 0:074; 0:138;
0:142; 0:150; 0:116Þ:9. Apply FTOPSIS to obtain the ﬁnal ranking
In the prior sections we determined the weights of criteria for
universities and academic staff performance. This section,
explains the ﬁnal ranking process for Universities & Academic
Staff (alternatives). Since the numbers of alternatives are huge
and it is so difﬁcult to construct pairwise comparison and rel-
ative priorities due to computational complexity, we use
FOTOPSIS technique.en the main criteria group for universities.
l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Figure 11 Char compares the weights between the bottom criteria for universities.
24 M.K. Yousif, A. ShaoutThe advantage of FTOPSIS is to rank the alternative solu-
tions by sorting the relative distance of the alternative solu-
tions to the ideal solution irrespective of the volume of the
universities and academic staff. Furthermore, fuzzy numbers
are used to set the relative priorities instead of crisp numbers
which allow considering the experts’ subjective views. A sam-
ple of 15 Sudanese universities (alternatives) were selected,
evaluated and ranked.Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpAs mentioned in the classiﬁcation model (Section 3), the
ﬁnal alternatives to the ranking process is to sort the relative
distance of the alternative solutions to the ideal solution by
applying the following steps:
1. Obtain the decision matrix between bottom criteria and
universities/academic staff (alternatives).l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Figure 12 Chart shows the alternatives’ distance (universities) from the negative & positive ideal solutions.
Figure 13 Comparison graphical view (2014/2015 vs 2015/2016 vs Proposed Model).
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26 M.K. Yousif, A. Shaout2. Obtain the normalized decision matrix R, using the rela-
tionship deﬁned in Deﬁnition 3 in Section 2. The idea
behind this logic is to get a fraction number between 0 & 1.
3. Compute and obtain the weighted decision matrix using the
bottom criteria weight as shown in Table 27.
4. Compute the positive & negative ideal solutions from the
weighted decision matrix (i.e. for each bottom criterion as
shown in Table 28).
Ip ¼ ðip1; ip2; . . . ipj Þ where Ip is the set of positive ideal solu-
tions and ipj ; j is positive ideal solution to the jth criteria
at the bottom and
In ¼ ðin1; in2; . . . inj Þ where In is the set of negative ideal solu-
tions and inj ; j is positive ideal solution to the jth criteria
at the bottom.
5. Compute the separation measures by obtaining the
distance between universities/academic staff’s (alterna-
tives) solutions with the positive and negative ideal
solution using the equation deﬁned in Deﬁnition 2
in Section 2.
Let dðitj; ipj Þ; dðitj; inj Þ where itj is evaluation result of
speciﬁc university/academic staff t to the jth criteria
at the bottom. Table 29 shows the distance result
of our sample alternatives from Ideal negative & pos-
itive solutions.
Cpj ¼ SQR
X41
j¼1
ðiij  ipj Þ2
 !
;
Cnj ¼ SQR
X41
j¼1
ðiij  inj Þ2
 !
For Universities:
Cpj ¼ SQR
X69
j¼1
ðiij  ipj Þ2
 !
;
Cnj ¼ SQR
X69
j¼1
ðiij  inj Þ2
 !
For academic Staff:
where the Cpj and C
n
j are the separation measures from the
ideal solutions for all alternatives j ¼ 1 . . . 41 for bottom
criteria for university or 69 bottom criteria for academic
staff.
6. Compute the relative closeness to ideal solution for each
alternative by utilizing the equation below as shown in
Table 30.
CLnj ¼ Cnj =ðCpj þ Cnj Þ
7. Classify the alternative universities and academic staff
according to the above calculated values.
In Table 30, there are 15 alternatives sample, which repre-
sents 10 public universities and 5 private universities. The
ranking was conducted ﬁrst for each group (public & pri-
vate) and ﬁnally for all of them.
10. Model testing
We compare our model result with result of entrance rates of
Sudanese certiﬁcates for the previous year which was formu-
lated by Sudanese ministry of higher education according to
applicants’ requests. We considered the results of 10 public
universities for the following colleges: Medicine, Economic,Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpEngineering Education and Computer Science and then, takes
the overall average to rank the universities. The comparison
output of these 10 universities is satisfactory and acceptable
as shown in Table 31. The 1st seven public universities occupy
the same ranking position while small difference on the other
three universities. The columns ‘2014 Result’ and ‘Model
Result’ in Table 31 are represented in graphical view in Fig. 13.
Currently, there is no ofﬁcial/unofﬁcial organization con-
cerns with universities classiﬁcations based on speciﬁc agreed
criteria in Sudan. But, the General Administration for Admis-
sions, Degree Evaluations & Veriﬁcation (GAADEV) calcu-
lates and publishes every year the minimum admission rates
of colleges for all Sudanese universities based on the number
of applicants and number of available seats in speciﬁc year.
We compared our model result with result of admission
rates published by (GAADEV) for the previous years
(2014/2015 & 2015/2016). We considered the results of 10 pub-
lic universities for the following colleges: Medicine, Economic,
Engineering Education and Computer Science and then, takes
the overall average to rank the universities. The comparison
output of those 10 universities is satisfactory and acceptable
as shown in Table 31.
As comparison result, the 1st seven public universities
(Khartoum university, Sudan University of Science & Tech-
nology, University of Al-Jazirah, Omdurman Islamic Univer-
sity, University of Gadarif, Red Sea University, and
Kordofan University) occupy the same ranking positions as
GAADEV admission rates for both academic years
(2014/2015 and 2015/2016) while small difference in the posi-
tions of the other three remaining universities (University of
Dongle, Blue Nile University and Al Fashir University) as
shown in Comparison Test part in Table 31. A graphical view
of comparison between the model ranking result and
2014/2015 & 2015/2016 admission ranking result is shown in
Fig. 13. The blue line represents the model result while the
brown and gray lines represent the admission results for
2014/2015 and 2015/2016 correspondingly.11. Analysis & observations
As a result, the following observations about evaluation crite-
ria and alternatives (i.e. Sudanese universities) are noted:
- The human Resources criteria group was assigned with the
highest weightage (0.217) over the others criteria while
community service (0.0) and quality management (0.054)
were assigned with lowest weightage. Fig. 10 shows the
comparison between all evaluation criteria groups.
- In the bottom criteria, the faculty members (UC42) crite-
rion was assigned with the highest weightage against others
bottom criteria while Graduates criterion, management of
community service criterion and community service pro-
grams criterion were assigned lowest weightage. Fig. 11
shows the comparisons between all bottom evaluation
criteria.
- Khartoum University has longest distance from negative
ideal solution (0.9395) and shortest distance from negative
ideal solution (0.01197) while Omdurman Alhalia
University has shortest distance from negative ideal solu-
tion (0.00564) and longest distance from positive ideal solu-
tion (0.9546). Fig. 12 shows the distance of alternativesl model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
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green points in brown line represent the distance from pos-
itive ideal solution (center) while the red points in the blue
line represent the distance from negative ideal solution
(center).
- As result of comparison with admission results, the ranking
of the ﬁrst 7 universities is identical with admission results
for two academic years (2014/2015 & 2015/2016) and
slightly differs from the other three remaining universities.
This result is expected because the admission ranking
depends only on the applicants’ views and knowledge about
university in general, which is expected to be inaccurate for
the new universities.
- If-Scenario: The ﬁnal ranking process depends on two main
factors, the weight of the bottom criteria which are derived
from the main & sub-criteria and alternatives’ evaluation
factor. This paper presents a detailed analysis through If-
Scenario tool, which is designed to analyze the result based
on emphasizing on some criteria. For If-scenarios example,
the weight of ‘Institutional Frame Work’ criterion was
swapped with ‘Human Resources’ criterion, which auto-
matically effect on bottom criteria weight, alternatives dis-
tances from negative & positive ideal solutions and ﬁnal
ranking result. The detailed scenarios analysis and steps
are presented in Appendix D.Table A-1 Related fuzzy techniques summary.
SR. Techniques Description & Concept
1 Analytic hierarchy
process (AHP &
FAHP)
It is a quantitative technique for rating decision
alternatives and selection of the one given mult
criteria. It structures the alternatives into a hier
framework to resolve complicated decisions
2 TOPSIS &
FTOPSIS
It is one of the multi-criteria decision making te
that is extensively used to solve MCDM proble
TOPSIS technique based on the concept that se
alternative is the shortest geometric distance to
positive ideal solution and the longest geometri
to the negative ideal solution
3 Multistage Fuzzy &
Cascaded Fuzzy
Technique
The multistage fuzzy logic inference has been pr
order to decrease the number of fuzzy rules for c
systems
4 Fuzzy based
Multifactorial
Evaluation
Technique
The purpose of Multifactorial evaluation is to d
synthetic assessment of an object relative to an ob
a fuzzy decision environment that has many fac
5 Hybrid Neuro-
Fuzzy (NF)
Technique
NF is a common framework for solving compli
problems. It uses FIS to resolve an uncertainty a
to learn from simulation
6 Type-2 Fuzzy
Evaluation
Technique
Type-2 fuzzy sets generalize type-1 fuzzy sets and
thus more uncertainty can be managed and con
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), http12. Conclusion
In this paper, nine main criteria and forty-one sub criteria were
identiﬁed, considered and weighted as performance evaluation
criteria for Sudanese high academic institutes. Furthermore,
thee levels of academic staff evaluation criteria were identiﬁed,
considered and weighted. The ﬁrst level consists of six criteria,
the second level consists of twenty-seven criteria and the last
level consists of ﬁfty criteria.
Classiﬁcation model for performance evaluation of Suda-
nese university and academic staff was developed and pro-
posed. It consists of all steps required such consistency
check, aggregation, approximation and ﬁnal ranking.
New Fuzzy Consistency Algorithm (FCA) to check and
evaluate the consistency level of expert’s judgment was
designed and proposed. The new algorithm proposes a consis-
tent preference linguistic value(s) as an option to the experts in
case of inconsistency judgment in evaluation performance.
Based on the proposed algorithm, the research introduces
new tools that allow experts to trace and understand the roots
of inconsistency and select the relevant consistent option(s).
Appendix AKey Beneﬁts
iple
archical
- Flexible, intuitive and checks inconsistencies
- Since problem is constructed into a hierarchical struc-
ture, the importance of each element becomes clear
- No bias in decision making
chnique
ms.
lected the
the
c distance
- It is easy to use
- It takes into account all types of criteria (subjective and
objective)
- It is rational and understandable
- The computation processes are straight forward
oposed in
ompound
- The option of using fuzzy output from previous layers
as fuzzy input for the next fuzzy inference system pre-
sents the advantage of preserving the information
about uncertainty
- Organizations have ﬂexibility to give different impor-
tant factors to different critical elements as per organi-
zational goal
- Reduces number of rules by dividing the whole system
into various fuzzy inference stages
eliver a
jective in
tors
- It is easy to make the required changes in the system
whenever it is necessary
- It is able to constantly generate reliable and valid
results for the appraisal process
cated
nd ANN
- Learning and adaptation capabilities
- Human understandable form of knowledge
representation
- Needs less computational effort than other methods
systems,
trolled
- More uncertainty can be handled. (i.e. to handle uncer-
tainty about the value of the membership function)
- It addresses the criticism of type-1 fuzzy
l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
28 M.K. Yousif, A. ShaoutAppendix BTable B-1 Key Table for Performance Evaluation Criteria for Sudanese universities as shown in hierarchical (Fig. 2).
C. Code Main Criteria C. Code Sub Criteria
UC1 Institutional Frame Work ﺍﻻﻃﺎﺭﺍﻟﻤﺆﺳﺴﻲ UC11 Strategic Planning ( ﺍﻟﺘﺨﻄﻴﻂﺍﻻﺳﺘﺮﺍﺗﻴﺠﻲ )
UC12 Vision ( ﺍﻟﺮﺅﻳﺔ )
UC13 Mission ( ﺍﻟﺮﺳﺎﻟﺔ )
UC14 Goals and Objectives ( ﺍﻟﻐﺎﻳﺎﺕﻭﺍﻻﻫﺪﺍﻑ )
UC15 Operational Plans ( ﺍﻟﺨﻄﻂﺍﻟﺘﻨﻔﻴﺬﻳﺔ )
UC2 Governance & Administration ﺍﻟﺤﻮﻛﻤﺔﻭﺍﻻﺩﺍﺭﺓ UC21 Rules and Regulations ( ﺍﻟﻨﻈﻢﻭﺍﻟﻠﻮﺍﺋﺢ )
UC22 Organizational and Functional Structures ( ﺍﻟﻬﻴﺎﻛﻞﺍﻟﺘﻨﻈﻴﻤﻴﺔﻭﺍﻟﻮﻇﻴﻔﻴﺔ )
UC23 Boards ( ﺍﻟﻤﺠﺎﻟﺲ )
UC24 Committees ( ﺍﻟﻠﺠﺎﻥ )
UC25 Leadership ( ﺍﻟﻘﻴﺎﺩﺓ )
UC26 External/Foreign Relations ( ﺍﻟﻌﻼﻗﺎﺕﺍﻟﺨﺎﺭﺟﻴﺔ )
UC27 Financial Resources and Management ( ﺍﻟﻤﻮﺍﺭﺩﺍﻟﻤﺎﻟﻴﺔﻭﺍﺩﺍﺭﺗﻬﺎ )
UC3 Infrastructure & Services ﺍﻟﺒﻨﻰﺍﻟﺘﺤﺘﻴﺔ UC31 Sites and Spaces ( ﺍﻟﻤﻮﺍﻗﻊﻭﺍﻟﻤﺴﺎﺣﺎﺕ )
UC32 Facilities and Equipment ( ﺍﻟﻤﻨﺸﺂﺕﻭﺗﺠﻬﻴﺰﺍﺗﻬﺎ )
UC33 University Services and Departments ( ﺍﻟﺨﺪﻣﺎﺕﺍﻟﺠﺎﻣﻌﻴﺔﻭﺍﺩﺍﺭﺍﺗﻬﺎ )
UC34 The Structure of Information and Communications Technology
( ﺑﻨﻴﺔﺗﻘﺎﻧﺔﺍﻟﻤﻌﻠﻮﻣﺎﺕﻭﺍﻻﺗﺼﺎﻻﺕ )
UC4 Human Resources ﺍﻟﻤﻮﺍﺭﺩﺍﻟﺒﺸﺮﻳﺔ UC41 Human Resource Management ( ﺍﺩﺍﺭﺓﺍﻟﻤﻮﺍﺭﺩﺍﻟﺒﺸﺮﻳﺔ )
UC42 Faculty Members ( ﺍﻋﻀﺎﺀﻫﻴﺌﺔﺍﻟﺘﺪﺭﻳﺲ )
UC43 Helping Frames ( ﺍﻻﻃﺮﺍﻟﻤﺴﺎﻋﺪﺓ )
UC5 Students & Graduates ﺍﻟﻄﻼﺏﻭﺍﻟﺨﺮﻳﺠﻮﻥ UC51 Admission and Registration ( ﺍﻟﻘﺒﻮﻝﻭﺍﻟﺘﺴﺠﻴﻞ )
UC52 Deanship - Student Aﬀairs Administration ( ﻋﻤﺎﺩﺓ/ﺍﺩﺍﺭﺓﺷﺆﻭﻥﺍﻟﻄﻼﺏ )
UC53 Graduates ( ﺍﻟﺨﺮﻳﺠﻮﻥ )
UC6 Teaching and Learning Resources
ﺍﻟﺘﻌﻠﻴﻢﻭﺍﻟﺘﻌﻠﻢﻭﻣﺼﺎﺩﺭﻫﻤﺎ
UC61 Academic Programs ( ﺍﻟﺒﺮﺍﻣﺞﺍﻟﺪﺭﺍﺳﻴﺔ )
UC62 Curriculum ( ﺍﻟﻤﻨﺎﻫﺞ )
UC63 Academic Advising/Counseling ( ﺍﻻﺭﺷﺎﺩﺍﻻﻛﺎﺩﻳﻤﻲ )
UC64 Academic Evaluation for Students ( ﺍﻟﺘﻘﻮﻳﻢﺍﻻﻛﺎﺩﻳﻤﻲﻟﻠﻄﻼﺏ )
UC65 Libraries ( ﺍﻟﻤﻜﺘﺒﺎﺕ )
UC66 Electronic Libraries ( ﺍﻟﻤﻜﺘﺒﺎﺕﺍﻻﻓﺘﺮﺍﺿﻴﺔ )
UC67 Laboratories ( ﺍﻟﻤﺨﺘﺒﺮﺍﺕ )
UC68 Workshops (workshops / ceremonies) ( ﺍﻟﻮﺭﺵ-ﺍﻟﻤﺸﺎﻏﻞ/ﺍﻟﻤﺮﺍﺳﻢ )
UC69 Centers of Educational Technologies ( ﻣﺮﺍﻛﺰﺍﻟﺘﻘﻨﻴﺎﺕﺍﻟﺘﻌﻠﻴﻤﻴﺔ )
UC7 Scientiﬁc Research and Graduate Studies
ﺍﻟﺒﺤﺚﺍﻟﻌﻠﻤﻲﻭﺍﻟﺪﺭﺍﺳﺎﺕﺍﻟﻌﻠﻴﺎ
UC71 Administration of Scientiﬁc Research ( ﺍﺩﺍﺭﺓﺍﻟﺒﺤﺚﺍﻟﻌﻠﻤﻰ )
UC72 Funding of Scientiﬁc Research ( ﺗﻤﻮﻳﻞﺍﻟﺒﺤﺚﺍﻟﻌﻠﻤﻰ )
UC73 Marketing Scientiﬁc Research ( ﺗﺴﻮﻳﻖﺍﻟﺒﺤﺚﺍﻟﻌﻠﻤﻰ )
UC74 Administration of Graduate Studies ( ﺍﺩﺍﺭﺓﺍﻟﺪﺭﺍﺳﺎﺕﺍﻟﻌﻠﻴﺎ )
UC75 Admission, Supervision and Evaluation of Postgraduate’s Students
( ﺍﻟﻘﺒﻮﻝﻭﺍﻟﺘﺴﺠﻴﻞﻭﺍﻻﺷﺮﺍﻑﻭﺗﻘﻮﻳﻢﺍﻟﻄﻼﺏﺑﺎﻟﺪﺭﺍﺳﺎﺕﺍﻟﻌﻠﻴﺎ )
UC76 Postgraduate Programs ( ﺑﺮﺍﻣﺞﺍﻟﺪﺭﺍﺳﺎﺕﺍﻟﻌﻠﻴﺎ )
UC8 Community Service
ﺧﺪﻣﺔﺍﻟﻤﺠﺘﻤﻊ
UC81 Management of Community Service ( ﺍﺩﺍﺭﺓﺧﺪﻣﺔﺍﻟﻤﺠﺘﻤﻊ )
UC82 Community Service Programs ( ﺑﺮﺍﻣﺞﺧﺪﻣﺔﺍﻟﻤﺠﺘﻤﻊ )
UC9 Quality Management ﺍﺩﺍﺭﺓﺍﻟﺠﻮﺩﺓ UC91 Quality Management ( ﺍﺩﺍﺭﺓﺍﻟﺠﻮﺩﺓ )
UC92 Quality Management Programs ( ﺑﺮﺍﻣﺞﺍﺩﺍﺭﺓﺍﻟﺠﻮﺩﺓ )Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computational model for performance evaluation of Sudanese Universities and academic staﬀ.
Journal of King Saud University – Computer and Information Sciences (2016), http://dx.doi.org/10.1016/j.jksuci.2016.08.002
Table B-2 Key Table for Performance Evaluation Criteria for Academic Staff Main Criteria as shown in Fig. 5.
CC. Main Criteria CC. Sub Criteria (Level-1)
AC1 Excellence in Research and Scientiﬁc Activities
( ﻭﺍﻻﻧﺸﻄﺔﺍﻟﻌﻠﻤﻴﺔﺍﻟﺘﻤﻴﺰﻓﻲﺍﻟﺒﺤﻮﺙ )
AC11 Publications
( ﺍﻟﺒﺤﻮﺙﻭﺍﻟﻤﻨﺸﻮﺭﺍﺕ )
AC12 Quality of Research
( ﺟﻮﺩﺓﺍﻟﺒﺤﻮﺙ )
AC13 Invitation to Lecture in Important Conferences
( ﺩﻋﻮﺍﺕﻹﻟﻘﺎﺀﻣﺤﺎﺿﺮﺓﻓﻲﺍﻟﻤﺆﺗﻤﺮﺍﺕﺍﻟﻬﺎﻣﺔ/ﻧﺪﻭﺍﺕ )
AC14 Supervises postgraduate students and participates in postgraduate thesis examination/Discussion
( ﺍﻻﺷﺮﺍﻑﻋﻠﻰﺍﻟﻄﻼﺏﻟﻠﺤﺼﻮﻝﻋﻠﻰﺩﺭﺟﺎﺕﻣﺘﻘﺪﻣﺔﻭﺍﻟﻤﺸﺎﺭﻛﺔﻓﻲﻣﻨﺎﻗﺸﺔﺍﻻﻃﺮﻭﺣﺎﺕ )
AC15 Membership in Editorial Boards of Prestigious Journals
( ﺍﻟﻌﻀﻮﻳﺔﻓﻲﻫﻴﺌﺎﺕﺗﺤﺮﻳﺮﺍﻟﻤﺠﻼﺕﺍﻟﻤﺮﻣﻮﻗﺔ )
AC2 Teaching Quality
( ﺍﻟﺘﺪﺭﻳﺲﺟﻮﺩﺓﻭﻧﻮﻋﻴﺔ )
AC21 Teaching and ability to cover diﬀerent materials eﬃciently
( ﺍﻟﺘﺪﺭﻳﺲﻭﺍﻟﻘﺪﺭﺓﻋﻠﻰﺗﻐﻄﻴﺔﺍﻟﻤﻮﺍﺩﺍﻟﻤﺨﺘﻠﻔﺔﺑﻜﻔﺎﺀﺓ )
AC22 Commitment to academic work, academic counseling and oﬃce hours
ﺍﻻﻟﺘﺰﺍﻡﺑﺎﻟﻌﻤﻞﻭﺍﻟﺴﺎﻋﺎﺕﺍﻟﻤﻜﺘﺒﻴﺔﻭﺍﻹﺭﺷﺎﺩﺍﻷﻛﺎﺩﻳﻤﻴﺔ
AC23 Teaching Attitude (preparation, patient, attendance, etc.)
( ﺍﻻﺳﺎﻟﻴﺐﻭﺍﻟﺴﻠﻮﻙﺍﻟﻤﺘﺒﻊﻓﻲﺍﻟﺘﺪﺭﻳﺲ )
AC24 Teaching Advanced Courses
( ﺗﺪﺭﻳﺲﺩﻭﺭﺍﺕﻣﺘﻘﺪﻣﺔ )
AC25 Counseling Students
( ﺍﻻﺭﺷﺎﺩﺍﺕﻭﺍﻻﺳﺘﺸﺎﺭﺍﺕﻟﻠﻄﻠﺒﺔ )
AC26 Designing and Writing Teaching Programs and Syllabi,
( ﺗﺼﻤﻴﻢﻭﻛﺘﺎﺑﺔﺍﻟﺒﺮﺍﻣﺞﺍﻟﺘﻌﻠﻴﻤﻴﺔﻭﺍﻟﻤﻨﺎﻫﺞﺍﻟﺪﺭﺍﺳﻴﺔ )
AC3 Services & Administration
( ﺍﻟﺨﺪﻣﺎﺕ )
AC31 Taking part in Faculty Technical Committees
( ﺍﻟﻤﺸﺎﺭﻛﺔﻓﻲﺍﻟﻠﺠﺎﻥﺍﻟﻔﻨﻴﺔﻷﻋﻀﺎﺀﻫﻴﺌﺔﺍﻟﺘﺪﺭﻳﺲ )
AC32 Taking Part on of Managerial Roles
( ﺍﻟﻤﺸﺎﺭﻛﺔﻓﻲﺍﻷﺩﻭﺍﺭﺍﻹﺩﺍﺭﻳﺔ )
AC33 Activities that Enhance the Research, Teaching, Educational and Social Endeavors of the Faculty
ﺍﻻﻧﺸﻄﺔﺍﻟﺘﻲﺗﻌﺰﺯﺍﻟﺒﺤﻮﺙﺍﻟﺘﺮﺑﻮﻳﺔﻭﺍﻟﺘﻌﻠﻴﻤﻴﺔﻭﺍﻟﺠﻬﻮﺩﺍﻻﺟﺘﻤﺎﻋﻴﺔﻷﻋﻀﺎﺀﻫﻴﺌﺔﺍﻟﺘﺪﺭﻳﺲ
AC34 Participation in Scientiﬁc Community in Sudan
( ﺍﻟﻤﺸﺎﺭﻛﺔﻓﻲﺍﻟﻤﺠﺘﻤﻊﺍﻟﻌﻠﻤﻲﻓﻲﺍﻟﺴﻮﺩﺍﻥ )
AC4 Knowledge Transfer/Exchange and Engaging
Communities Performance
( ﺍﻟﻤﺠﺘﻤﻌﺎﺕﺍﻟﻤﺤﻠﻴﺔﻭﺇﺷﺮﺍﻙﻭﺗﺮﻗﻴﺔﻧﻘﻞﻭﺗﺒﺎﺩﻝﺍﻟﻤﻌﺮﻓﺔ )
AC41 Activities & Collaboration with Public groups
( ﺍﻷﻧﺸﻄﺔﻭﺍﻟﺘﻌﺎﻭﻥﻣﻊﺍﻟﻤﺠﻤﻮﻋﺎﺕﺍﻟﻌﺎﻣﺔ )
AC42 Application of Knowledge to Improve the Performance of Business, Commerce or Industry)
( ﺗﻄﺒﻴﻖﺍﻟﻤﻌﺮﻓﺔﻟﺘﺤﺴﻴﻦﺃﺩﺍﺀﺍﻷﻋﻤﺎﻝﻭﺍﻟﺘﺠﺎﺭﺓﺃﻭﺍﻟﺼﻨﺎﻋﺔ )
AC43 Enhancement of Quality of Life of a Community (i.e. Improving safety and sustainability and protecting the environment)
( ﺗﺤﺴﻴﻦﻭﺗﻌﺰﻳﺰﻧﻮﻋﻴﺔﺍﻟﺤﻴﺎﺓﻟﻠﻤﺠﺘﻤﻊ )
AC44 Involvement in and Development of Projects Supported by Faculty/University
( ﺍﻟﻤﺸﺎﺭﻛﺔﻓﻲﺗﻄﻮﻳﺮﺍﻟﻤﺸﺎﺭﻳﻊﺍﻟﺘﻲﺗﺪﻋﻤﻬﺎﺍﻟﻜﻠﻴﺔ/ﺍﻟﺠﺎﻣﻌﺔ )
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CC. Main criteria CC. Sub criteria (Level-1) CC. Sub criteria (Level-2)
AC5 Students Feedback
( ﻭﺭﺃﻱﺍﻟﻄﻼﺏﺍﺳﺘﻄﻼﻉﻭﻣﻼﺣﻈﺎﺕ )
AC51 Teaching capabilities and preparation for lecture
( ﻭﺍﻻﻋﺪﺍﺩﻭﺍﻟﺘﺤﻀﻴﺮﻟﻬﺎﺍﻟﺘﺪﺭﻳﺲﻓﻲﺗﺪﺭﻳﺲﺍﻟﻤﺎﺩﺓﺍﻣﻜﺎﻧﻴﺎﺕﻋﻀﻮﻫﻴﺌﺔ )
AC511 Distribution of Teaching study plan in the ﬁrst week
( ﺗﻮﺯﻳﻊﺍﻟﺨﻄﺔﺍﻟﺪﺭﺍﺳﻴﺔﻓﻲﺍﻷﺳﺒﻮﻉﺍﻷﻭﻝ )
AC512 Clear, coherent and systematic way of lectures demonstration
( ﻋﺮﺽﺍﻟﻤﺎﺩﺓﺍﻟﻌﻠﻤﻴﺔﻓﻲﺍﻟﻤﺤﺎﺿﺮﺍﺕﺑﺸﻜﻞﻭﺍﺿﺢﻭﻣﺘﺮﺍﺑﻂﻭﻣﻨﻈﻢ )
AC513 Exploits the time of lecture eﬀectively
( ﺍﺳﺘﻐﻼﻝﻭﻗﺖﺍﻟﻤﺤﺎﺿﺮﺍﺕﺑﺸﻜﻞﻓﻌﺎﻝ )
AC514 High experience and skills in the scientiﬁc courses
( ﺍﻟﺨﺒﺮﻩﻭﺍﻟﻤﻬﺎﺭﺓﻓﻰﺍﻟﻤﺎﺩﺓﺍﻟﻌﻠﻤﻴﺔ )
AC515 The compatibility between the plan and what was actually taught.
( ﺍﻟﺘﻮﺍﻓﻖﺍﻟﺘﺎﻡﺑﻴﻦﻣﻔﺮﺩﺍﺕﺍﻟﺨﻄﺔﻭﻣﺎﺗﻢﺗﺪﺭﻳﺴﻪﻓﻌًﻼ )
AC516 Adherence to the dates/times of lectures
( ﺍﻻﻟﺘﺰﺍﻡﺑﻤﻮﺍﻋﻴﺪﺍﻟﻤﺤﺎﺿﺮﺍﺕ )
AC52 Material contribution in the scientiﬁc achievement
of students ( ﺍﻟﺘﺤﺼﻴﻞﺍﻟﻌﻠﻤﻲﻟﻠﻄﻠﺒﺔﻣﺴﺎﻫﻤﺔﺍﻟﻤﺎﺩﺓﻓﻲ )
AC521 Students motivates and participation
ﻣﺸﺎﺭﻛﺔﺍﻟﻄﻠﺒﺔﻭﺇﺑﺪﺍﺀﻭﺟﻬﺎﺕﻧﻈﺮﻫﻢﺣﻮﻝﺍﻟﻤﺎﺩﺓ
AC522 Interest in academic achievement of students in General
ﺍﻻﻫﺘﻤﺎﻡﺑﺎﻟﺘﺤﺼﻴﻞﺍﻟﺪﺭﺍﺳﻲﻟﻠﻄﻠﺒﺔﺑﺸﻜﻞﻋﺎﻡ
AC523 Students respect within the professional standards and ethics
ﺍﻟﺘﻌﺎﻣﻞﻣﻊﺍﻟﻄﻠﺒﺔﺑﺎﺣﺘﺮﺍﻡﺿﻤﻦﻣﻌﺎﻳﻴﺮﺍﻟﻤﻬﻨﺔﻭﺁﺩﺍﺑﻬﺎ
AC524 Teaching methods that evoke the thinking and curiosity
ﺗﺴﺘﺜﻴﺮﺍﻟﺘﻔﻜﻴﺮﻭﺣﺐﺍﻻﺳﺘﻄﻼﻉﺍﻻﺳﺎﻟﻴﺐﺍﻟﺘﺪﺭﻳﺴﻴﺔﺍﻟﺘﻲ
AC525 Illustrative and applied methods in the lecture’s presentation
ﺍﻷﺳﺎﻟﻴﺐﺍﻟﺘﻮﺿﻴﺤﻴﺔﻭﺍﻟﺘﻄﺒﻴﻘﻴﺔﻟﻌﺮﺽﻟﻠﻤﺎﺩﺓ
AC526 Diversity in Teaching Methods
ﺍﻟﺘﻨﻮﻉﻓﻲﻃﺮﻕﺍﻟﺘﺪﺭﻳﺲﺑﻤﺎﻳﻼﺋﻢﻣﻮﺿﻮﻉﺍﻟﻤﺎﺩﺓﻭﺣﺎﺟﺎﺕﺍﻟﻄﻠﺒﺔ
AC527 Clear and understandable language in teaching the material
ﺍﺳﺘﺨﺪﻡﻟﻐﺔﻭﺍﺿﺤﺔﻭﻣﻔﻬﻮﻣﺔﻓﻲﺗﺪﺭﻳﺲﺍﻟﻤﺎﺩﺓ
AC53 Assess the content of material ( ﺗﻘﻮﻳﻢﻣﺤﺘﻮﻯﺍﻟﻤﺎﺩﺓ ) AC531 Compatibility of exam content with terms of the teaching plan.
ﺍﻟﺨﻄﺔﺍﻟﺘﺪﺭﻳﺴﻴﺔﺗﻮﺍﻓﻖﻣﺤﺘﻮﻯﺍﻻﻣﺘﺤﺎﻧﺎﺕﻣﻊ
AC532 Discussion of exam questions and correct answers
ﺍﻟﻨﻘﺎﺵﻣﻊﺍﻟﻄﻠﺒﺔﺍﻹﺟﺎﺑﺎﺕﺍﻟﺼﺤﻴﺤﺔﻟﻸﺳﺌﻠﺔﺍﻟﺘﻲﺗﻀﻤﻨﻬﺎﺍﻻﻣﺘﺤﺎﻥ
AC533 Diversity in measurement techniques to assess student achievement grades
ﺍﻟﺘﻨﻮﻉﻓﻲﺃﺳﺎﻟﻴﺐﻗﻴﺎﺱﺗﺤﺼﻴﻞﺍﻟﻄﻠﺒﺔﻭﺗﻘﺪﻳﺮﻋﻼﻣﺎﺗﻬﻢ
AC54 Relationship of faculty member and students
( ﺍﻟﺘﺪﺭﻳﺲﻭﺍﻟﻄﻠﺒﺔﺍﻟﻌﻼﻗﺔﺑﻴﻦﻋﻀﻮﻫﻴﺌﺔ )
AC541 Compliance with Teacher’s oﬃce hours and encourage students to utilize
this period.
ﺍﻟﻤﺮﺍﺟﻌﺔﺧﻼﻟﻬﺎﺍﻻﻟﺘﺰﺍﻡﺑﺎﻟﺴﺎﻋﺎﺕﺍﻟﻤﻜﺘﺒﻴﺔﻭﺗﺸﺠﻊﺍﻟﻄﻠﺒﺔﻋﻠﻰ
AC542 Accuracy and fairness in grades
ﺍﻟﺪﻗﺔﻭﺍﻟﻌﺪﺍﻟﺔﻓﻲﺍﻋﻄﺎﺀﺍﻟﻌﻼﻣﺎﺕ
AC543 Motivates students to see the diﬀerent references
ﺗﺤﻔﻴﺰﺍﻟﻄﻠﺒﺔﻟﻼﻃﻼﻉﻋﻠﻰﻣﺮﺍﺟﻊﺍﻟﻤﺎﺩﺓﺍﻟﻤﺨﺘﻠﻔﺔ
AC544 Students’ attitudes development
ﺍﺗﺠﺎﻫﺎﺕﻭﻋﺎﺩﺍﺕﻭﺃﺧﻼﻕﺣﻤﻴﺪﺓﻟﻠﻄﻠﺒﺔﺗﻨﻤﻴﺔ
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Table B-2 (continued)
CC. Main criteria CC. Sub criteria (Level-1) CC. Sub criteria (Level-2)
AC6 Peers Feedback
( ﺍﻟﺘﺪﺭﻳﺲﺍﻋﻀﺎﺀﻫﻴﺌﺔﻭﺭﺃﻱﺍﻟﺰﻣﻼﺀﺍﺳﺘﻄﻼﻉﻭﻣﻼﺣﻈﺎﺕ )
AC61 Course Content ( ﻣﺤﺘﻮﻯﺍﻟﻜﻮﺭﺱ ) AC611 Explanation of subject and main outlines
ﺗﻮﺿﻴﺢﻭﺍﺳﺘﻌﺮﺍﺽﻣﻮﺿﻮﻉﺍﻟﺒﺤﺚ
AC612 State of the Art
ﻓﻲﺍﻟﻤﺠﺎﻝﻣﻮﺍﻛﺒﺔﺍﻟﻤﻨﻬﺞﺍﻟﺪﺭﺍﺳﻲﻋﻠﻰﺍﺧﺮﻣﺎﺗﻮﺻﻞﺍﻟﻴﺔﺍﻟﻌﻠﻢﻭﺍﻻﺑﺤﺎﺙﺍﻟﻌﻠﻤﻴﺔ
AC613 Clearness of Course objective
ﻭﺿﻮﺡﺃﻫﺪﺍﻑﺍﻟﻤﻘﺮﺭ
AC614 Consistency of Course content and Syllabus
ﺍﺗﺴﺎﻕﻣﺤﺘﻮﻯﺍﻟﻜﻮﺭﺱﻭﺍﻟﻤﻨﻬﺞ
AC62 Delivery and Teaching
Methods ( ﺍﻟﺘﻘﺪﻳﻢﻭﻃﺮﻕﺍﻟﺘﺪﺭﻳﺲ )
AC621 Transition Between Ideas
ﺍﻻﻧﺘﻘﺎﻝﺍﻟﺴﻠﺲﺑﻴﻦﺍﻷﻓﻜﺎﺭ
AC622 Using Examples to Clarify Concepts
ﺍﺳﺘﺨﺪﺍﻡﺍﻻﻣﺜﻠﺔﻟﺘﻮﺿﻴﺢﺍﻟﻤﻔﺎﻫﻴﻢ
AC623 Organized Presentation
ﻋﺮﺽﺍﻟﻤﺎﺩﺓﺑﻄﺮﻳﻘﺔﻣﻨﻈﻤﺔ
AC624 Instructor’s Enthusiasm
ﺍﻟﺤﻤﺎﺱﻭﺍﻟﺮﻏﺒﺔﻟﺘﺪﺭﻳﺲﺍﻟﻤﻮﺿﻮﻉ
AC625 Adapting Material to student needs
ﺗﻜﻴﻴﻒﺍﻟﻤﺎﺩﺓﻟﺘﻨﺎﺳﺐﺍﺣﺘﻴﺎﺟﺎﺕﺍﻟﻄﻼﺏ
AC626 Using of Supplemental materials/visual aids/technology
ﺍﺳﺘﺨﺪﺍﻡﺍﻟﻤﻮﺍﺩﺍﻟﺘﻜﻤﻴﻠﻴﺔ/ﺍﻟﻮﺳﺎﺋﻞﺍﻟﺒﺼﺮﻳﺔ/ﺍﻟﺘﻜﻨﻮﻟﻮﺟﻴﺎﺑﺸﻜﻞﻓﻌﺎﻝ
AC627 Response to students remark
ﺍﻻﻫﺘﻤﺎﻡﻭﺍﻻﺳﺘﺠﺎﺑﺔﻟﻤﻼﺣﻈﺎﺕﺍﻟﻄﻠﺒﺔ
AC628 Assessment tool/strategy integrated into the lesson
ﻟﻠﺘﻘﻴﻴﻢﻣﺪﻣﺠﺔﻓﻲﺍﻟﺪﺭﺱﻭﺟﻮﺩﺃﺩﺍﺓ/ﺍﺳﺘﺮﺍﺗﻴﺠﻴﺔﻣﺘﻜﺎﻣﻠﺔ
AC63 Learning Environment ( ﺑﻴﺌﺔﺍﻟﺘﻌﻠﻢ ) AC631 Participatory classroom environment
ﺍﻟﺒﺌﻴﺔﺍﻟﺘﺸﺎﺭﻛﻴﺔﻟﻠﻔﺼﻮﻝﺍﻟﺪﺭﺍﺳﻴﺔ
AC632 Students engagement and attention
ﺍﻫﺘﻤﺎﻡﻭﻣﺸﺎﺭﻛﺔﺍﻟﻄﻼﺏﻓﻰﺍﻟﺪﺭﺱ
AC633 Encourage questions and checking students’ understanding
ﺗﺸﺠﻴﻊﺍﻻﺳﺌﻠﺔﻭﺍﻟﺘﺤﻘﻖﻣﻦﻓﻬﻢﺍﻟﻄﻼﺏ
AC634 Ability to identify the cues of boredom and confusion
ﺍﻟﻘﺪﺭﺓﻋﻠﻰﺗﺤﺪﻳﺪﻣﻌﺮﻓﺔﻋﻼﻣﺎﺕﺍﻟﻤﻠﻞﻭﺍﻻﺭﺗﺒﺎﻙﻋﻨﺪﺍﻟﻄﻼﺏ
AC635 Thought-provoking and stimulating
ﺍﻟﻤﺤﺎﺿﺮﺓﻣﺜﻴﺮﺓﻭﻣﺤﻔﺰﺓﻟﻠﺘﻔﻜﻴﺮ
AC636 Student centered learning and critical thinking environment
ﺍﻟﻤﺤﺎﺿﺮﺓﻣﻮﺍﺗﻴﺔﻟﻠﺘﻔﻜﻴﺮﻭﺍﻟﺘﻌﻠﻢﺍﻟﻤﺘﻤﺤﻮﺭﺣﻮﻝﺍﻟﻄﺎﻟﺐ
AC637 Promotion a safe learning environment for students
ﺗﻌﺰﻳﺰﺑﻴﺌﺔﺗﻌﻠﻴﻤﻴﺔﺍﻣﻨﺔ
(continued on next page)
P
erfo
rm
a
n
ce
E
v
a
lu
a
tio
n
o
f
S
u
d
a
n
ese
U
n
iv
ersities
a
n
d
A
ca
d
em
ic
S
ta
ff
3
1
P
lease
cite
th
is
article
in
p
ress
as:
Y
o
u
sif,
M
.K
.,
S
h
ao
u
t,
A
.
F
u
zzy
lo
gic
co
m
p
u
tatio
n
a
l
m
o
d
el
fo
r
p
erfo
rm
an
ce
evalu
atio
n
o
f
S
u
d
an
ese
U
n
iversities
an
d
acad
em
ic
staﬀ
.
Jo
u
rn
al
o
f
K
in
g
S
au
d
U
n
iversity
–
C
o
m
p
u
ter
an
d
In
fo
rm
atio
n
S
cien
ces
(2016),
h
ttp
://d
x.d
o
i.o
rg
/10.1016/j.jk
su
ci.2016.08.002
Table B-2 (continued)
CC. Main criteria CC. Sub criteria (Level-1) CC. Sub criteria (Level-2)
AC64 Communication, collaboration and
Professionalism ( ﻭﺍﻟﻜﻔﺎﺀﺓﺍﻟﻤﻬﻨﻴﺔﺍﻻﺗﺼﺎﻝﻭﺍﻟﺘﻌﺎﻭﻥ )
AC641 Genuine interest in work
ﺍﻻﻫﺘﻤﺎﻡﺍﻟﺤﻘﻴﻘﻰﺑﺎﻟﻌﻤﻞ
AC642 Field Knowledge
ﺩﺭﺍﻳﺔﻭﻣﻌﺮﻓﺔﺗﺎﻣﺔﺑﻤﺠﺎﻝﺍﻟﻌﻤﻞ
AC643 Respect for Staﬀ and Students
ﺍﺣﺘﺮﺍﻡﺍﻟﻄﻠﺒﺔﻭﺍﻟﺰﻣﻼﺀﻭﺍﻟﻤﻮﻇﻔﻴﻦ
AC644 Punctuality and regularity in the workplace/meetings/lectures
ﺍﻻﻟﺘﺰﺍﻡﺑﺎﻟﻤﻮﺍﻋﻴﺪﻭﺍﻻﻧﺘﻈﺎﻡﻓﻲﺍﻟﻌﻤﻞ
AC645 Communication skills
ﻣﻬﺎﺭﺍﺕﺍﻻﺗﺼﺎﻝ
AC646 Receptive to diﬀerent viewpoint
ﺗﻘﺒﻞﻭﺟﻬﺎﺕﺍﻟﻨﻈﺮﺍﻟﻤﺨﺘﻠﻔﺔ
AC647 Conﬁdentiality/privacy respect
ﺍﺣﺘﺮﺍﻡﺍﻟﺴﺮﻳﺔﻭﺍﻟﺨﺼﻮﺻﻴﺔ
AC648 Supporting other department members in positive way
ﺩﻋﻢﺍﻋﻀﺎﺀﺍﻻﻗﺴﺎﻡﺍﻻﺧﺮﻯﺑﻄﺮﻕﺍﻳﺠﺎﺑﻴﺔ
AC649 Taking an active role in departmental projects
ﺍﻟﻘﻴﺎﻡﺑﺪﻭﺭﻧﺸﻂﻭﻓﺎﻋﻞﻓﻰﻣﺸﺎﺭﻳﻊﺍﻟﻘﺴﻢ
AC6410 Supporting department & collage in positive way
ﺩﻋﻢﺍﻟﻘﺴﻢﻭﺍﻟﻜﻠﻴﺔﺑﻄﺮﻕﺍﻳﺠﺎﺑﻴﺔ
AC6411 Involvement in college activities
ﺍﻟﻤﺸﺎﺭﻛﺔﻓﻰﺍﻧﺸﻄﺔﺍﻟﻜﻠﻴﺔﺍﻟﺘﻰﺗﺘﻌﺪﻯﺣﺪﻭﺩﺍﻟﻘﺴﻢ
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Appendix C
This appendix presents some of the membership function plots for example (Part1) calculation as explained in step 3 in Section 8.
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The if-Scenario tool provides a detailed analysis of the results.
Several scenarios can be executed by emphasizing on some cri-
teria rather than others. The tool automatically displays the
impact of the new changes on the bottom criteria, alternatives
distance from NIS and PIS and ﬁnal ranking result. For exam-
ple, the weight of ‘Institutional Frame Work’ criterion is
swapped with ‘Human Resources’ criterion, which automati-Figure D-1 Main criteria
Table D-1 Inputs for the new values of
Main Criteria
Institutional frame work
Governance & Administration
Infrastructure & Services 
Human Resources
Students & Graduates 
Teaching and Learning Resources
Scientific Research and Graduate Studies 
Community Service 
Quality Management
Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), httpcally effects on bottom criteria weight, alternatives distances
from negative & positive ideal solutions and accordingly the
ﬁnal ranking result. The following steps show this If-scenario
case.
Step1: Deﬁne/Swap/Input new values for the main criteria.
In this example, the value of UC1 is swapped with UC4 (see
Table D-1).
Step2: The following analysis graphs and table will be auto-
matically updated and presented. The differences between theWight vs. If-Scenario.
the If-scenarios.
Criteria 
Code
Actual 
Weights
If Scenario 
Input
UC1 0.148 0.217
UC2 0.102 0.102
UC3 0.124 0.124
UC4 0.217 0.148
UC5 0.105 0.105
UC6 0.177 0.177
UC7 0.073 0.073
UC8 0.000 0.000
UC9 0.054 0.054
l model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
Table D-2 Automatic calculation of the new Bottom Criteria.
Main 
Criteria
Bottom 
Criteria 
Code
Sub-
Criteria 
Weights 
Main 
Criteria 
Weights 
Bottom 
Criteria 
weight  (Actual
Output)
Bottom Criteria 
weight  (scenario
Output)
UC1
UC11 0.325
0.217 
0.0481 0.070525
UC12 0.133 0.019684 0.028861
UC13 0.047 0.006956 0.010199
UC14 0.15 0.0222 0.03255
UC15 0.345 0.05106 0.074865
UC2
UC21 0.202258828
0.102 
0.0206304 0.0206304
UC22 0.098014336 0.009997462 0.009997462
UC23 0.157502528 0.016065258 0.016065258
UC24 0.131685336 0.013431904 0.013431904
UC25 0.219643278 0.022403614 0.022403614
UC26 0.033164989 0.003382829 0.003382829
UC27 0.157730705 0.016088532 0.016088532
UC3
UC31 0.292
0.124
0.036208 0.036208
UC32 0.231 0.028644 0.028644
UC33 0.211 0.026164 0.026164
UC34 0.266 0.032984 0.032984
UC4
UC41 0.182
0.148
0.039494 0.026936
UC42 0.737 0.159929 0.109076
UC43 0.081 0.017577 0.011988
UC5
UC51 0.844
0.105
0.08862 0.08862
UC52 0.156 0.01638 0.01638
UC53 0 0 0 
UC6
UC61 0.134
0.177
0.023718 0.023718
UC62 0.135 0.023895 0.023895
UC63 0.116 0.020532 0.020532
UC64 0.143 0.025311 0.025311
UC65 0.069 0.012213 0.012213
UC66 0.12 0.02124 0.02124
UC67 0.14 0.02478 0.02478
UC68 0.079 0.013983 0.013983
UC69 0.064 0.011328 0.011328
UC7
UC71 0.105
0.073
0.007665 0.007665
UC72 0.224 0.016352 0.016352
UC73 0.219 0.015987 0.015987
UC74 0.092 0.006716 0.006716
UC75 0.161 0.011753 0.011753
UC76 0.2 0.0146 0.0146
UC8
UC81 0.5
0.000
0 0 
UC82 0.5 0 0 
UC9
UC91 0.463
0.054
0.025002 0.025002
UC92 0.537 0.028998 0.028998
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Figure D-2 Actual bottom Criteria Wight vs. If-Scenario.
Figure D-3 Actual alternatives distances from NIS vs. If-scenario alternatives distances from NIS.
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Figure D-4 Actual alternatives distances from PIS vs. If-scenario alternatives distances from PIS.
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Figure D-5 Actual ﬁnal ranking vs. If-scenario ﬁnal ranking.
38 M.K. Yousif, A. Shaoutactual study and if-scenario case can be observed in the follow-
ing graphs & table:
 Main criteria weight vs. If-Scenario case – (Figure D-1): It
reﬂects the difference between actual main criteria and if-
scenario values. In our example, only the values of criteria
UC1 and UC2 are changed.
 Automatic calculation of the new bottom Criteria –
(Table D-2): It calculates and displays the new bottom cri-
teria based on the changes in the main criteria. For example
these bottom criteria (UC11, UC12, UC13, UC14, UC15
and, UC41, UC42, UC43) were affected by the changes in
the main criteria (UC1 and UC4)
 Actual bottom Criteria Wight vs. If-Scenario (Figure D-2)Please cite this article in press as: Yousif, M.K., Shaout, A. Fuzzy logic computationa
Journal of King Saud University – Computer and Information Sciences (2016), http Actual alternatives distance from Negative Ideal Solution
(NIS) vs. If-Scenario alternatives distance from Negative
Ideal Solution (NIS) – (Figure D-3)
 Actual alternatives distance from Positive Ideal Solution
(NIS) vs. If-Scenario alternatives distance from Positive
Ideal Solution (NIS) - (Figure D-4)
 Actual Final Ranking vs. If-scenario Final (Figure D-5 &
Figure D-6): It displays and compares the actual ﬁnal rank-
ing and if-scenario ﬁnal ranking. In our example, the
‘University of Medical Sc. & Tech.’ occupied the 2nd posi-
tion in the actual ranking process with relative closeness to
ideal solution (0.833110828909821) while ‘Sudan University
of Sc. & Tech’ occupied the 3rd position with relative close-
ness to ideal solution (0.499964831308306). In If-scenariol model for performance evaluation of Sudanese Universities and academic staﬀ.
://dx.doi.org/10.1016/j.jksuci.2016.08.002
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Figure D-6 Actual Final Ranking vs. If-scenario Final (University of Medical is swapped with Sudan University of Sc.).
Performance Evaluation of Sudanese Universities and Academic Staff 39Test, the ‘University of Medical Sc. & Tech.’ occupied the
3rd position with relative closeness to ideal solution
(0.778596522949184) while the ‘Sudan University of Sc. &
Tech’ occupied the 2nd position with relative closeness to
ideal solution (0.811846249121775).
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